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By: H. L. Murphy*

This report covers the results of the latest phase of a 3-phase
project, with the overall objective of developing a set of expedient and
engineered techniques, for upgrading the air blast and related effects
resistance potential of basements in existing buildings. The purpose of
upgrading such basement spaces is to provide shelter when needed by persons
in: host areas, where the bulk of the population is expected to be during
an attack, that are located at and beyond the 2-psi air blast range, using
selected target aiming points and Mt-range bursts; and, risk areas, where
shelter is needed that is within 15-minutes travel time of each key worker's
place of work and provides potential shelter for 30- to 50-psi air blast
ranges, in terms of peak free field overpressure.

Chapters of this report's main text are devoted to discussions of:
background; general principles applicable to upgrading basements; closures
for all basement shelter openings/apertures, in terms of principles for
providing them; needs to be met in strengthening the structure over shelter
candidate basements; some techniques and materials that can be used for such
structure strengthening; and, shelters for key workers. In general, the
main text of this report is intended for the artisan, the appendices having
the more extensive, technical data and discussions.

The titles of the appendices are: Blast-Resistant Design/Analysis
General Approach; Plywood Stressed-Skin Panels (Two-Sided Only) as Closures -
Design and Fabrication; Plywood Stressed-Skin Panels (Two-Sided) as 3eam-
Columns; Plywood Use for Closures - Design; Wood Beam and Column Design -
Simply Supported; Home Basements Upgrading in Host Areas; Blast-Resistant
Design/Analysis of Steel Members; and, Structural Steel Local Availability
and Use for Blast Shelter Upgrading.

The suggestions, guidance and tathnical help of M. A. Pachuta, G. N.
Sisson, and D. W. Bensen, FEMA, are gratefully acknowledged, as are the
contributions of former colleagues C. K. Wiehle, E. E, Pickering and J. E.
Beck.#

* H. L. Murphy Associates, Box 1727, San Mateo, CA 94401 (415-348-2180)
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SUMMARY

This report covers the results of the latest phase of a 3-phase
project, with the overall objective of developing a set of expedient and
engineered techniques, for upgrading the air blast and related effects
resistance potential of basements in existing buildings. It is recom-
mended that any serious user of this report have copies of the reports
covering the first tuwo phases at hand. The purpose of upgrading such
basement spaces is to provide shelter when needed by persons in host or
risk areas or elsewhere. As stated in the second phase report, some
work results were reported there for which the work was actually per-
formed under this third phase’s funding.

The first two phases of work were performed under a policy guidance
that called for exploiting the inherent ultimate blast resistance of the
slab over the basement selected for upgrading consideration, that is,
upgrading work that would strengthen the remainder of the floor support
system to a level equaling the inherent strength of the floor slab. The
hoped for result uas shelter adequate for, say, 8 to 15 psi blast free
field overpressure. Exceptions were made, of course, such as the case
of a large basement cut in half by a long-uay interior corridor, and
covered on each half with a rather long span, one-way slab running
betueen corridor walls and outer walls; the basement cover slab’s poten- i
tial blast resistance could be upgraded considerably by simply running i
added support walls parallel to the interior corridor and supporting
each existing one-uway slab at its midspan.

A

In this (third) phase of the project work, shelter guidance for
selection of candidate basements for upgrading has been re-oriented to
meet the CRP (Crisis Relocation Plans). The CRP requires shelter in tuo
kinds cf specific geographic areas, which are located by study of
selected attack areas in the United States and relative air blast ranges
from the targets:

shelentifiiiagi

1. Host areas, where the bulk of the population is expected to be
during an attack, that are located at and beyond the 2-psi air blast
range, using the selected target aiming points and Mt-range bursts.
circumgtances have required, in certain cases, a policy exception to
provide shelter at and beyond the 3 psi range; the appendix on Home
Basement Upgrading for Host Areas is specifically aimed at meeting this
shelter need.

2. Risk areas, where shelter is needed that: (!) is within
15-minutes travel time of each key uworker’s place of work; and (2) pro-
vides potential shelter suitable for 30 %to 50 psi air blast peak free
field overpressure. Such shelter is discussed in Chapter 7.

The remaining chapters of this report’s main text are devoted to a
more complete background discussion; a discussion of general principles
applicable to upgrading basements; a discussion of closures for all




basement shelter openings/apertures in terms of principles for providing
them; a discussion of the needs to be met in strengthening the structure
over shelter candidate basements; a discussion of some techniques ‘and
materials that can be used for such structure strengthening; and, a dis-
cussion of shelters for key workers as just mentioned. In general, the
main text of this report is intended to be understandable to the non-en-
gineerszarchitect and to provide help, for such a person as an artisan
semiskilled in carpentry, in dipping briefly into several of the techni-
cal appendices to use them without having to either study or understand
completely each entire appendix.

The titles of the appendices are: A. Blast-Resistant
Designs/Analysis General Approach; Al. Plyuwood Stressed-Skin Panels
(Two-Sided Only) as Closures - Design and Fabrication; A2. Plyuood
Stressed-Skin Panels (Tuo-Sided) as Beam-Columns; A3. Plywood Use for
Closures - Design; B1. Wood Beam and Column DBesign - Simply Supported:;
B2. Home Basements Upgrading in Host Areas; B1. Blast-Resistant
Design/Analysis of Steel Members; and, E1. Structural Steel Local
Availability and Use for Blast Shelter Upgrading. é
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Through suggestions and guidance, the technical help of M. A.
Pachuta, G. N. Sisson, and D. W. Bensen, U. S. Federal Emergency Manage-
ment Agency, was freely given and is gratefully acknouwledged. Similarly
acknowledged are: the work of a colleague, J. E. Beck,' in assisting
specifically in preparing Appendix A2, as uell as contributing pieces,
plus advice in technical discussions, used in many places in this ;
report; considerable work earlier in this project phase by another col- '
league, €. K. Wiehle; and the work of E. E. Pickering? in preparing
Appendix E1.

' Formerly at SR! International and currently the principal of James
E. Beck and Associates, Palo Alto, California.

Z consulting Civil Engineer, Menlo Park, California.
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The information presented in this publication has been prepared in
accordance with recognized engineering principles and is for general
information only. MWhile it is believed to be accurate, this information
should not be used or relied upon for any specific application without
' competent professional examination and verification of its accuracy,
suitability, and applicability by a licensed professional engineer,
designer, or architect. The publication of the material contained her-
ein is not intended as a representation or warranty on the part of SRI
International or H. L. Murphy Associates, or of any other person named
herein, that this information is suitable for any general or particular
use or of freedom from infringement of any patent or patents. Anyone
making use of this information assumes all liability arising from such
use.
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' Chapter 1

& INTROOUCTION

This report covers the results of the latest phase of a 3-phase

project, with the overall objective of developing a set of expedient and

‘ engineered techniques, for upgrading the air blast and related effects
resistance potential of basements 1n existing buildings. Reports cover-
ing the first two phases are References {1 and 2]1.' It 1is recommended
that any serious user of this report have copies of both references at
hand.? The purpose of upgrading such basement spaces 1s to provide shel-
ter when needed by persons in host or risk areas or elsewhere. As
stated 1n the footnote on page 1 of the second phase report [Ref. 2],
some Work results were reported there for which the work was actually
performed under this third phase’s funding.3

The first two phases of work uwere performed under a policy guidance
that callied for exploiting the inherent ultimate blast resistance of the
slab over the basement selected for upgrading consideration, that is,
upgrading work that uwould strengthen the remainder of the floor support
system to a level equaling the inherent strength of the floor slab. The
hoped for result was shelter adequate for, say, 8 to 15 psi blast free
field overpressure. Exceptions uwere made, of course, such as the case
of a large basement cut in half by a long-way interior corridor, and
covered on each half with a rather long span, one-way slab running
between corridor walls and outer walls; the basement cover slab’s poten-
tial blast resistance could be upgraded considerably by simply running }

H added support walls parallel to the interior corridor and supporting 3
each existing one-way slab at its midspan. X

alite R
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In this (third) phase of the project work, shelter guidance for
selection of candidate basements for upgrading has been re-oriented to
meet the CRP (Crisis Relocation Plans). The CRP requires shelter in tuwo
kinds of specific geographic areas, uhich are located by study of
selected attack areas in the United States and relative air blast ranges
from the targets:

e Host areas, where the bulk of the population is expected to be ;
; during an attack, that are located at and beyond the 2-psi air :
blast range, using the selected target aiming points and Mi-

range bursts. Circumstances have required, in certain cases, a

policy exception to provide shelter at and beyond the 3 psi

' Brackets are used herein to indicated sources in the References list
at the end of this report (main text).

Z pvailable for purchase from NTIS, Springfield, Virginia 22151.

Y Faor example, original Appendices A1 and A3 herein.

H
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range, meaning that Appendix B2, Home Basement Upgrading for
Host Areas, is specifically aimed at meeting this need for shel-
ter against 2-3 psi air blast peak free field overpressure.

e Risk areas, uwhere shelter is needed that: (1) is within
15-minutes travel time of each key worker’s place of work, -
(2) provides potential shelter suitable for 30 to 50 psi ai
blast peak free field overpressure. Such shelter is discussed
further in Chapter 7.

The remaining chapters of this report’s main text are devoted to a
more complete background discussion; a discussion of general principles
applicable to upgrading basements; a discussion of closures for all
basement shelter openings/apertures in terms of principles for providing
them; a discussion of the neets to be met in strengthening the structure
over shelter candidate basements; a discussion of some techniques and
materials that can be used for such structure strengthening; and, a dis-
cussion of shelters for key uworkers as just mentioned. In general, the
main text of this report is intended to be understandable to the non-en-
gineerszarchitect and to provide help, for such a person as an artisan
semiskilled in carpentry, in dipping briefly into several of the techni-
cal appendices to use them uwithout having to either study or understand
completely each entire appendix.

Acknouledqments

Through suggestions and guidance, the technical help of M. A.
Pachuta, G. N. Sisson, and D. W. Bensen, U. S. Federal Emergency Manage-
ment Agency, was freely given and is gratefully acknouledged. Similarly
acknouledged are: the work of a colleague, J. E. Beck," in assisting
specifically in preparing Appendix A2, as uwell as contributing pieces,
plus advice in technical discussions, used in many places in this
report; considerable uork earlier in this project phase by another col-~-
league, C. K. Wiehle; and the work of E. E. Pickering® in preparing
Appendix E1,

“ Formerly at SRI International and currently the principal of James
E. Beck and Associates, Palo Alto, California.

5 Consulting Civil Engineer, Menlo Park, California.
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Chapter 2

BACKGROUND

The Introduction section of the second phase report [2] has been
updated and is used belou. ,

Because of their inherent shelter potential, basements of substan-
tial buildings having a concrete slab first floor (supported by either
. steel or reinforced concrete beam-girder-column systems) are the natural
choice for relatively high degrees of protection. The first floor
(floor over basement) concrete slab ordinarily has a rather high degree
of air blast (collapse) resistance, because for normal use it must with-
stand individual point loads, as well as general area loads. The sup-
porting beams and girders become progressively ueaker, in that order (in
ultimate or collapse strength), however, as the tributary areas served
increase in size and thus the effect of normal use point loads decreases
for these heavier supporting members. Columns may or may not be rela-
tively weaker depending on the height of the building. It is frequently
found that the first floor slab itself will resist about 10 psi peak
”side-on” air blast pressure or more, but that this potential is
degraded rather seriously by weaker beams and girders, and sometimes
columns. In addition most basements have exterior openings, and all
have interior openings, permitting air blast to enter (assuming that the
air blast wave passes through or destroys the building above the base-
ment). Thus, the general principle to be follouwed is to exploit the
relatively high floor slab resistance, through closing openings as well
as applying strengthening measures to the other portions of the first
floor system and possibly to the basement column system. If the first
f’oor slab does not have an acceptable level of inherent blast resist-
ance, upgrading the basement may still be well worth considering but
should be balanced against the cost (in materials, elapsed time and man-
pouwrr used) of alternate schemes for shelter (e.g., expedientsfield
shelters; constructed R/C (reinforced concrete) and/or corrugated metal
ducts (see Chapter 7); mines, etc.).

The measures available for upgrading existing basement space for
shelter purposes may be categorized as either “expedient” or “engi-
neered.” Expedient measures are those that can be accomplished in a
relatively short period of time (say two to three days) during a crisis
build-up period by building occupants using readily available materials.
Expedient measures may be pre-engineered with resulting designs distrib-
uted in advance in ”how-to-do-it” drawings and instructions. Engineered
measures also require longer periods of time and the services of profes-
sional engineers for evaluation and design, perhaps tailored to a spe-
cific building or a specific type of building.

Upgrading measures considered include prevention of air blast entry
into the shelter space, reduction of air blast loading on exposed areas,
strengthening of floor system structural members, provision of debris




protection, provision of ”last resort” shelter in case of floor system
collapse, and other protective measures. B8oth closed and open shelter
situations uwere considered as were post-attack considerations.

For the expedient case, the must common vulnerability problems uere
examined and principles of protection are given. Specific building fea-
tures requiring protection are illustrated and suitable methods of pro-
tection and materials are presented. The degree of protection afforded
by the various methods and materials are given. Suggested local sources
of materials and required tools are also given. The expedient section
is prepared in “hou-to-do-it” illustrative manner so as to permit ready
application by non-engineer building occupants and other untrained per-
sonnel.

For the engineered case, the air blast resistance charactericstics
of suitable basements in existing buildings are described along uwith
upgrading principles and techniques. Methods of evaluating individual
buildings for basic first floor system air blast resistance are dis-
cussed. Upgrading design guidance for various building features is
given. Specific detailed evaluation and design procedures for the more
complex upgrading problems are given in appendices. Several examples of
existing buildings are also given, with basement upgrading measures
applied.

It is intended that this report, together wuith the first- and sec-
ond phase reports [1,2] serve as a basic reference and guidance for
civil defense planners, building ouners, occupants charged with upgrad-
ing shelter space for themselves, engineering enterprises, and others
concerned Wwith the air blast upgrading of existing buildings before or
during a strategic population relocation, or other civil defense shelter
program. The information contained herein will also be useful for expe-
dient upgrading, on an opportunity basis, of buildings used for tempo-
rary shelter in the population relocation or ”host” areas.

Many of the matters mentioned above were covered in the first-phase
report [1] for which an overview is provided by including that report’s
Contents, Table and Figures lists; see Table 1. Figures 1 through 11 of
the earlier report [1] provide schematics or concepts for closures and
structural strengthening; the later work reported in Reference [2] and
hereinafter includes engineered/predesigned data for use in closures and
in structure strengthening.

For technical readers such as c¢ivil engineers and architects inter-
ested in strengthening of basements for combined nuclear weapons effects
shelter, recommended reading includes the Appendices herein plus Refer-
ences [1 and 2] for existing basements, and References [3 and 4] for
basements under design or planning.
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Qpen Versus Closed Shelters

Some vulnerability problems of open and closed shelters are dis-
cussed starting on page 6 of Reference [1], as indicated in its Contents
list reproduced herein in Table 1. Certain matters, however, are uworth
brief mention here.

Open shelter requires that all materiel in the shelter be fastened
with sufficient strength to resist the anticipated entering blast wave,
or else such items of materie]l may well hecome missles causing injury or
death. An alternative is to surround the materiel items that pose
potential missle hazards with a blast resistant barrier, so that the
blast wave does not strike the items. Dealing with such potential mis-
sle hazards can be expensive (in terms of materials, elapsed time, and
manpouer), varying with the type of structure: for example, a parking
garage might be provided with such missie hazard reduction on a cost-ef-
fective basis, whereas a potential shelter space with many pieces of
equipment of varying degrees of fixity could well dictate against con-
sidering open shelter.

Closed shelters can be provided with aperture closures (see Chapter
4) and, within the range of air blast peak free field overpressures con-
sidered in this study, that is up to 50 psi, materiel will generally not
require fastening in place; exceptions would be made in the case of
overhead items by insuring that the fastenings are adequate to take any
shock or vibration hitting the overhead structural members.

For host areas, where shelter against air blast up to 2 or 3 psi
(see Chapter 1) are contemplated, work in anchoring materiel items might
be expected to be modest in cost.

Subject to these brief comments, this report generally contemplates
the use of closed shelters, unless specifically mentioned otherwise. A
parking garage, for example, could well be the exception because of the
problems of providing closures for the vehicle entrances in contrast to
the cost of anchoring down or removing materiel i1tems.

Appendices

The appendices of this report include several that are new to the
work and others that are extracts, revisions, or provided totally by
reference to a previously published appendix. Because of the manner of
their development, the appendices are not numbered in the order of their
uvse (as perhaps they should be).
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Chapter 3

UPGRADING EXISTING BASEMENTS - GENERAL

This report 1s concerned with upgrading work for nuclear effects
shelter in existing bu:lding basements, that are fully or partially
below ground level ard that can be bermed with so01l up to the level of
the first floor slaL. [If floor-level berming siymply cannot be accom-
plished for the ertire basement, the lessened radiation protection, as
well as the need for increased blast protection of exposed wall portions
(peak reflected pressure from a blast wave hitting a wall head-on 1is
approximately three times the peak blast free field overpressure), must
be considered. Generally, use of only part of the basement for closed
shelter is more costly (in terms of avaivlable resources) than use of the
full basement, because of the need for blast resistant interior walls
around the partial basement shelter.

) Radiation protection upgrading, whether for fallout or initial
nuclear and thermal, usually requires simply additional mass in or on
the floor over the shelter, plus of course the berming mentioned above.
This can be bagged material or loose soil (easily placed on the floor
slab), in sufficient amount for the required level of protection gener-
ally stated in full policy statements only briefly mentioned earlier.
Use of part of the (ultimatescollapse) strength of the overhead slab
will, of course, reduce the strength available for blast resistance.
Calculations involved in such portioning of the overhead floor strength
are illustrated by examples in Appendix B2 on upgrading home basements,
but would be similar for a floor over higher blast level shelters.

Blast resistance needs to be considered in upgrading can generally
be described under the following three categories:

(1) Peak air blast free field overpressures up to 2 or 3 psi1: As
briefly mentioned earlier, this level of blast resistance applies to
host areas used under the CRPs (Crisis Relocation Plans). In home base-
ments, one can assume that the interior pressures will have a long
enough rise time to reach the peak pressure, to allow handling the blast
loading as a statically applied but very short duration leoad - stated
another way, to consider the blast load as an 1mpact load only in terms
of duration, not in terms of an instantaneocusly applied load. Further,
one should consider the ujtimates/collapse strength blast resistance of
the floor over the basement, not with the usual design factors of
safety. These matters are discussed i1n more deta'l n Appendices A and
B2.

(2) B8iast resistance equalling a free field overpressure that will
fully tax the inherent blast strength of existing slabs over the base-
ment shelter to be upgraded: Although this level of blast resistance is
not current but earlier policy, as discussed above, this level may rep-
resent the most that can be done for many basements considering the

N




available time and material sources, and/or may be the most
cost-effective shelter when considered against constructing other shel-
ter, such as expedient shelter schemes [5,6], buried conduits/large
pipes, etc. This blast resistance level should work out to roughly 10
psi for a sizable number of existing basements or, say, 6-15 psi as a
range.

(3) Blast resistance of 30-50 psi peak free field overpressure,
the level needed for risk areas as shelter for key workers, again under
CRPs (Crisis Relocation Plans): MHork to date has indicated a low proba-
bility of getting this protection level of shelter in existing build-
ings, unless a truly high level of manpower and material resources is
spent and, even then, serious questions need to be first ansuered by
tests &oncerning the blast resistance that can be expected from existing
exterior basement walls. This shelter level and related problems are
discussed further in Chapter 7.

Another general or common technical matter that should be mentioned
at this point is that of bearing between existing members and upgraded
members, and their loads and supports. Bearing problems are discussed
frequently in the following portions of this report, in terms of spe-
cific building materials, but two points are worth making at this junc-
ture: first, if two different materials, or two different strength lev-
els of the same material (e.g., uwood), must bear on each other, the
required common bearing area will, of course, be determined by that
required for the weaker material; and, second, bearing damage, even
destruction, may be acceptable in upgrading design, because of the
1-shots/1-time loading assumed for nuclear shelter design and the energy
absorbed in damaging components such as the wood cribbing members or the
wood wedges under columns.

For the last general upgrading suggestion, the readersuser of this
report 18 encouraged to review Reference [ 1] for its eleven upgrading
schemes shouwn in pages 15-33, specifically Figures 1 through 11 of that
report. While these figures are not to scale and are thus called
upgrading schemes herein, the following chapters and appendices will
give the reader/user the means to “size” the members, whether beams,
columns, or beam-columns, at least in some of the materials contemplated
for use.

12
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Chapter 4

CLOSURES

Closure is used herein to describe the upgrading covering put over
all apertures or openings in the existing basements selected as poten-
tial shelter, uhether the opening is for a window, door, ventilation,
utility, or other, whether small or large (for a 2-in. pipe or a double
door). In planning for each closure, shelter ventilation should be con-
tinually kept in mind, and the closure be planned for its ability to
remain open as long as possible if such is needed for ventilation; for
example, a vertical opening might use a steel plate, guillotine-type
closure, that need only be tripped to fall into place, perhaps the
quickest operating of any closure type.

Vertical closures should be avoided to the maximum extent possible,
simply because they usually involve dealing with the blast load’s peak
reflected pressure rather than its side-on pressure on the surface of

i the ground, the difference being an approximate three times increase in
peak pressure level, if one has to deal with reflected pressure created
by the blast wave striking a vertical wall, or going down a window-well
and striking an end wall. This ratio of reflected to side-on pressure
varies considerably with conditions, but to handle the simple situation
of a blast wave travelling along the ground and striking a vertical sur-
face head-on, Wwith a reasonable distance to travel to clear around the
vertical surface, the ratio is approximately 3 to 1 (at least in the
range of free field overpressures of interest herein); more precise rat-
ios may be obtained by referring to the scale shown on page B1-26 of
Appendix B1. Perhaps the commonest example that might be used would be
that of a window-well, serving the basement of a building from large to
single family residence in size; a closure of the guillotine-type might
well be mounted on the outside of the exposed basement wall to drop doun
over the uell opening into the building, but such planning would require
this closure to bear the multiple-reflected pressure caused by the blast
wave entering the window-well. A simpler and far better solution might
be to put a closure over the top of the window-uell, preferably at
ground surface, and cover it with berming material (soil, sand, uhat-
ever); the closure might be a plywood panel or a steel plate, among oth-
] ers. In later chapters, uwhere the sizing of the closure, beam, column,
| etc., is described, the anticipated peak applied blast loading is used,
} leaving it to the readers/user to make this peak applied blast loading
' the one that is felt by the closure or structural member, whether it be
the peak reflected (head-on) blast loading or a peak side-on blast load-
ing.

| An easily overlooked item in the matter of closures is that of the
need for examining the blast resistancesstrength of the frame around the
opening to be protected - in other words, can that frame support the
loading to be transferred from the closure to the frame? For example,
openings built into reinforced concrete floor slabs usually have extra

13
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reinforcing steel to support their perimeter. Any doubts about the
adequacy of the frame to support the closure must usually be handled by
some upgrading supports specifically for the frame: For example, there
may need to be some timber framing around the door opening, which fram-
ing is next supported by some diagonal members blocked on the floor to
other walls or to interior footings, etc., (see Figure 8 of Reference

1 [1] for illustration of this diagonal bracing for a wall; it would be
similar for a door frame or any other component requiring added sup-
port).

Frames that support the closure on two opposite sides only, call
for a closure that acts as a one-way bending member that primarily expe-
riences bending stresses along its span betuween the tuwo support edges.
Similarly, a closure supported on four sides is termed a two-uay bending
member; at the risk of being premature, passing mention is, nonetheless,
made here that a two-way bending member gains little in blast resistance
over a one-way member spanning the shorter span of the opening, if the
] longer span is more than 2 to 3 times the shorter span of the opening
i (more on this later). For a closure supported on three sides, the pur-
poses of this upgrading report are best served by treating such a clo-
sure as being supported only on the two opposite sides and ignoring the
support given by the third side, at least for sizing (design/analysis)
purposes.

Fastening blast closures in place is a matter worth brief mention:
If the closure is to resist blast (we do use closures for radiation
resistance soil alone, of course), and the blast is expected to apply
head-on to the plate as with a reflected blast loading, the situation is
good for a closure lying on the blastward side of the frame, because
there is little tendency for the closure to move sideways and it needs
be held in place only to the extent required for positioning prior to
blast loading. If the blast is expected to hit the closure side-on,
then the fastenings would probably include cleat-type blocks on some or
all sides of the closure to prevent sliding, as well as the fastenings
to maintain closure position prior to blast loading. The negative blast
wave that usually follows the blast wave’s transit has been purposely
ignored; if it’s considered a problem in a specific instance, then the
fastenings must be adequate to meet the negative blast phase.

14
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Chapter 5

STRUCTURE STRENGTHENING NEEDS

This chapter deals briefly with the strengthening needs of members
in the existing structure, that is the basement that has been selected
for upgrading for nuclear protective shelter.

A. Wood and Steel Existing Bending Members

Wood and steel existing structure bending members have a considera-
ble advantage for upgrading over existing reinforced concrete (R/C) mem-
bers. For example, because of their material homogeneity, steel or uwood
beamssgirders/floor stringers can have added intermediate supports at
any chosen location along their length (assuming they are prismatic),
whereas an existing R/C bending member can have added supports only

| where appropriate after considering whether the principal tensile rein-
forcing steel is located near the bottom or top face of the member, a
serious restriction for the R/C members. One exception should be made
for wood bending members, in contrast to steel members: the wood member
might have been carefully placed so that a tight wood knot (falling near
midspan and located near one edge of the member) i1s placed so that the
tight wood knot is near the top (compressive) face of the member under
bending stress, rather than near the bottom (tensile) face of the member
under bending load; for such a case (perhaps uncommon), problems to be
dealt with are similar to those in upgrading R/C bending members.
Assessing the benefits of added (upgrading) interior supports under an
s existing wood beam, for example, does require consideration of each cri-
terion for sizing (designings/analyzing) the member, because the mode of
failure may change (from flexural to horizontal shear) in shortening the
effective span of the member. For examples in wood bending member
upgrading, see Appendix B2.

B. Reinforced Concrete Existing Bending Members

Reinforced concrete existing members entail much more difficulty in
terms of providing added (upgrading) interior supports in beams: Per-
haps the foremost problem is that of finding out how much reinforcing
steel is imbedded in the concrete and where it is located. Certainly
some assumptions can be made but they are an inadequate substitute for
seeing a set of as-built plans, which may indeed be available from the
building ouner or the files of the building department of the
cityscounty building department.

g N8

For upgrading R/C beams, assumptions can be made: The center third
of a single-span, simply-supported beam will behave at least as strong
as a shorter simply-supported span, if supports are added at the third
points of the existing beam. This means that the blast loading resist-
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ance of the center third of the beam has been increased roughly nine
times over its strength prior to upgrading. For a R/C beam continuous
over several simple supports, any span might be similarly examined; if a
quarter of the span length, centered on the midspan, has added (upgrad-
ing) columns, that quarter-span portion of the beam span might have its
blast resistance increased roughly 16 times its strength before upgrad-
ing.

Once these easy assumptions have been made and utilized, though,
things may get sticky for further upgrading, in the absence of details
on the as-built reinforcing steel and its placement: Houever, in ihe
beam portions between the upgraded midspan portion and the original col-
umn supports, one might put in equally spaced columns at a spacing at or
less than 3 times the overall depth of the R/C beam. This approach
amounts to treating each segment of the R/C beam, outside of the midspan
portion just discussed, as if each new short span of such ends is a con-
crete pedestal (lightly reinferced). Conversely, if one has as-built
details on the reinforcing steel amount and location, such things as a
better approximation of lengths for the midspan portions just described,
the possible membrane action of the reinforcing steel based on its
imbedment lengths, etc., will allow some refinement of the location of
added (upgrading) columns.

Existing structures evaluation (ESE) techniques developed by
Wiehle, Bockholt, and Beck [7A,7B,7C,8] are complex and detailed, but do
deal with these analysis problems peculiar to all R/C members. Similar
thinking to that just described for R/C beams may be used for R/C one-
way slabs, and sometimes R/C two-uway slabs,

While R/C flat slabs apparently offer an upgrading potential, R/C
flat plates were examined® for upgrading, especialy against punching
shear of columns through the flat plate; the upgrading considered uas to
put vertical supports around each column, but even at various distances
(from close to each column out to one-quarter of their span) the flat
plate’s predicted blast resistance was increased very little by such
upgrading.

The ESE work specifically in connection with 11 selected NSS build-
ings scattered throughout the United States is described in Chapter 7.

Related testing and analytical work under FEMA support has been,
and continues to be, done by others [9A,9B,9C], including not only the
R/C member types discussed above, but also including R/C waffle slabs,
flat plates, flat slabs, etc.

The following paragraphs uWere prepared by J. E. Beck who has just
completed a report on the ”as built” strength of building floor systems
[8] and is currently analyzing an additional 25 buildings along with
further model verification/upgrading work:

¢ For this project by C. K. Wiehle using his ESE techniques.
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The best (R/C) candidate members for upgrading are those members
with spans of 18 ft or greater that can be upgraded by 1ntermediate sup-
ports at third or quarter points. Furthermore, analytical results
therein indicated that if upgrading is accoumplished by putting interme-
diate supports at about 6-ft spacing, an R/C slab about 6-in. thick can
resist an overpressure of approximaiely 30 psi blast, and a slab about
8-1in. thick can resist approximately 50 psi.

”Most R/C slabs are designed to have a span-to-thickness ratio of
24. Therefore, slabs having clear spans greater than 12 ft will nor-
mally have a potential resistance greater than 30 psi, and slabs having
clear spans greater than 18 ft have a potential resistance greater than
50 psi.

”The predicted upgrading potential of R/C slabs is basad on the
calculated capacity of one-way simply-supported slabs with reduced cspans
(about 6 ft). Although i1t is true that the steel reinforcing in an
as-built” structure may not be at optimum points for upgrading, it is
still probable that the calculated simply-supported strength of each 3
upgraded center portion is representative of the strength of the slab. %
This will also be true even at ends that are designed as fixed and,
therefore, may at first glance appear ueaker. This statement 1s based
on the following observations: i

”(1) The detailing of a fixed joint requires twice the moment
capacity of the center of the slab, and compression steel at least equal
to 173 the central steel is present in this csection.

”(2) 1If the joint i1s designed as fixed, it will act as a simply- '
supported beam straddling the top of the support member and will have
approximately the strength of a simply-supported element having a free
span equal to the clear distance between the supports.”

c. Existing Columns

ESE work on R/C columns has indicated that they are adequate for
much heavier blast loads than their (normal-use) design loads, and espe-
cially in the case of a multistory structure, say, 4 stories or higher,
where the superstructure may be expected to allow most of the blast .
loading to blow through between floors rather than subject the basement E
columns to higher blast loadings due to such things as overturning con-
siderations. Further, the upgrading just described tor beams makes
clear the plan to add a large number of columns, meaning that each orig-
inalszexisting column will have its contributory blast loading area on
the first floor considerably reduced in size, and thus its individual
column loading considerably reduced. The need, therefore, for increas-
ing the strength of reinforced concrete columns for upgrading i1s small
to nonexistent. Similar thinking may be applied to columns of other
materials existing in the basement to be upgraded into a nuclear protec-
tive shelter, in that the remedy is simply to have existing columns
share the anticipated blast loading with additional columns.
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Column footings in structures to be upgraded pose no significant
problems in that those under existing columns will have their load
shared as just described for the columns themselves; for columns added
in upgrading work, a recent test [10] at the U.S. Army Engineer Water-
ways Experiment Station, Vicksburg, Mississippi, involved loading a
square column consisting of four 4x4s (actual 3.5x3.5 in.) strapped
together and bearing on a “”typical” concrete floor slab over compacted
gravel over compacted soil, with the results indicating that this column
could carry a static load initially peaking at 50 kips then increasing
to a new peak of 84 kips and degrading somewhat, but aluways above 50
kips for a loading of some 10 minutes (many, many times the duration of
a nuclear blast loading). This loading amounts to roughly 2,000 psi on
the column and footing. At the peak loading, displacement of the foot-
ing was 1.0 in. and its displacement at the time the tests was stopped
uas about 1.45 in. The test will be reported in a forthcoming WES tech-
nical report, of course, but these results uere gratefully received by
those who have planned extensive upgrading work, uhere many additional
columns have been planned for use supported on a “typical” basement
floor slab with nothing more than a couple of wedges under the column
(for erection convenience).

D. Existina Exterior Basement Walls

Exterior basement walls, uwhether plain CMUs, reinforced CMUs, or
brick, or certainly R,C construction, have been generally accepted as
having sufficient blast resistance capacity for host area shelters, and
those shelters contemplated uhere the inherent strength of the main slab
over the basement is to be exploited (say, 8-15 psi air blast peak free
field overpressure). However, serious concern over the adequacy of
exterior basement ualls, including ualls of R/C construction, has been
expressed when upgrading for higher blast resistance, especially as high
as 30-50 psi, is contemplated. As a result, a FEMA research technical
project officer, at a recent meeting with structural research contrac-
tors at WES, included in the discussions the need for static and dynamic
tests of “typical’” exterior R/C walls (fully and partially buried). The
purpose of the proposed tests is not to see whether desiaqn procedures
apparently used uere adequate (they may be conrservative), but more spe-
cifically to determine the blast resistant capacity of such walls in
terms of absolute ultimate behavior (through collapse), that is, to
ansuwer the question of whether or not the soil transmitting the blast
loading to the exterior basement wall Wwill indeed follow and force the
wall inward beyond an acceptable displacement, closely approaching col-
lapse. Meanwhile, planning for upgrading potential, especially for
overpressure levels greater than, say, 15 or 20 psi: must be conserva-
tively evaluated as requiring strengthening of the exterior basement
walls; or can be optimistically continued on the basis that the exterior
basement walls would not fail because the soil Will not move fast enough
to push the wall inward further than acceptable. This matter impinges
seriously on the direction of Chapter 7, Shelter for Key Workers (30 to
50 psi air blast peak free field overpressure).
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Chapter 6

STRUCTURE STRENGTHENING TECHNIQUES AND MATERIALS

This chapter concerns meeting the upgrading needs perceived for a
particular shelter candidate basement, as described in the preceding
chapter.

The chapter deals with bending members (lateral loads only) such as
beams, closures, girders, etc.; columns (axial loads only); and beam-
columns (both lateral and axial loads). It deals with these three kinds
of structural members by si2ing the members to meet the need. The siz-
ing may be done: by determining from the need the size of member
required (design), and whatever material; or by assuming a particular
member‘s availability and finding its strength capacity (analysis), then
comparing the capacity with the need. The aids available herein, as
described below, may be oriented to both design and analysis depending
upon which way they are entered for use. One may, for example, know the
load to be met on a given floor over a basement and the contributory
area to be served by a column, then look at a table of column strengths
and find which column(s), if any, will meet or exceed the need, using a
tablesgraphs/chart of column strengths (thereby using a little design
with a little analysis!). Above all, the reader/user should not let
terminology deter himsher from using the material presented (the author
hereby invites comments on any simplification needs encountered).

Appendix A has been prepared for the artisan or the professional
engineer/architect as an attempt to introduce the terminology basic to
the structural problems in handling impacts/dynamic loads, such as air
blast, meeting loads that are applied in zero to a very short time and
that have a short duration (of the order of seconds).

A very useful aid in reading graphs (such as those encountered in
the appendices of this report, as well as those used in such civil
defense training such as that given for Fallout Shelter Analysis) may be
easily prepared and Will prove very useful if given a trial: obtain an
ordinary drafting (plastic) 45-degree triangle, clear, of about 6 to 8
inches on the two equal (short) sides; use any straight edge, a careful
eye, and any sharp pointed instrument to scribe lines parallel to each
of these tuo sides, perhaps a quarter-inch in from the edge although
this is not critical; and, use a sharp pencil to darken the bottoms of
the scribed lines, then wipe off the excess graphite. The aid then can
be used on a design graph where multiple curves must be either read
directly or interpolated betueen (for a particular value described by
the curves or spaces between them), in order to read values from the
abscissa (bottom) and ordinate (vertical) sides of the graph.

This chapter is organized first by materials to be used (wood and
steel in various forms), then by specific strengthening applications,
such as the aforementioned beams (bending members), columns, and beam-
columns.
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Wood Availability and Use

Appendix C, Typical Stockage - Local Lumberyards, Reference [2], is
short and is recommended for complete reading by the reader/user.

Specitically, the predesigns reported on below (Appendices Al and
A2) used generally available stress graded lumber in one relatively
strong and one relatively weak grade and species for each of two size
ranges - one pair of grades for 2x3s? and 2xd4s (Light Framing; Construc-
tion grade for strong, and Standard grade for weak) and one pair of
grades for 2x6s and 2x8s (Joists and Planks; No. 1 grade for strong, and
No. 2 grade for ueak). These choices are shoun in Table 18, Appendix C
(21,8 complete with the predesigns’ stresses as underlined in that Table
and used belouw (Appendices Al and A2). Tables 1A and 2, Appendix C {2],
show the complete list from which the grade choices were made. (A later
complete list is provided by Table B1-2, Appendix Bl herein.)

Lumberyards have shirt-pocket size booklets, published by grading
associations (list in Reference [2] of Appendix B2 herein) giving stress
grading data by lumber kind, type and size; see also Reference [11].° In
any case, try to use construction gradess/stress-graded wood members; if
stress data are unknouwn, simply use the tables/figures that follow
(e.g., as in Appendices Al and A2) and choose those calling for “louer
strength stringers?” or similar notation.

Although specific data have not yet been publishedsdistributed,
strong indications are appearing, among the professional engi-
neerssarchitects in the research community, that lumber grading in too
many areas and instances to be ignored, has not been up to standards
achieved in the past; there may be uell-founded reasons for this (the
increasing proportion of second growth timber in the market), and thus
not quality of work alone. At any rate, an artisan familiar with wood,
even only casually, can use the shirt-pocket size grading booklets and
their data, as mentioned above, plus some careful reading, to check or
redo the grading uwork on any uood materials that become available for
upgrading use. The regrading may not be as precise as that done by one
regularly working in the field, but that is not the point here. Fur-
ther, the artisan (e.g., one semiskilled in carpentry) need not follow
upgrading guidance alone but, for an example, can see to it that, if
hesshe must use a wood member as a beam and must use one that has a
sound knot near an edge, the sound knot is put in the top edge of the
(single-span, simply-supported) beam (compressive stress) rather than in
the bottom edge (tensile stress).

7 Nominal (actua'® 'imensions are 2x3 (1.5x2.5), 2x4 (1.5x3.5), 2x6
(1.5x5.5), and cxo (1.5x7.25) inches.

8 pelete ”Select Structural” in left column of table.

9 Copies of References [11] and [12], one each, are furnished with each
copy of this report sent to Distribution List addressees shoun herein.
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‘ : For plywoods, the predesigns (Appendices Al, A2, and A3) used pri-
; marily plywood grade Underlayment Interior (American Plywood Association
‘ (APA)) in Species Groups (of both face plies) #1 and #3, but the results
also cover plywood grades Underlayment Exterior (APA), C-D Interior
(APA), and C-C Exterior (APA), all in Species Groups #1 and #3; nominal
thicknesses used were 1/2”, 5/8”, and 37/4”. Additionally, plywood grade
2.4.1 Sturd-1-Floor Interior (APA), manufactured only in Species

! Group #1, was used in 1-1/8” nominal thickness, hoth alone and in combi-
nation with some of the thinner plywood grades just mentioned (the
results also cover 2.4.1 Sturd-1-floor Exterior (APA) used in the same
thickness). All plywood qrades used in_predesiqgns are the most plenti-
ful and were assumed to be planned for use under dry conditions (equi-
librium moisture content less than 16%).1°

Each sheet of plyuood should bear an APA (American Plywood Associa-
tion) Grade-Trademark stamp on one of its faces. Typical markings are
shown in the fourth column of the table on page 14 of Reference [12].°?
The reader/user of this report is urged to look for and use such stamped

| markings, because lumberyards are prone to apply a local terminology,

i contrary to the formal terminology and that one stamped on the sheet of
plyuwood; for example, a usage local to the author’s home area is to
advertise and describe a plyuocod grade as ”CDX” (both orally and
printed), even ”CD Exterior”, a plywood grade” that is not listed in
those of the APA. Instead, the plywood grade of these sheets is actu-
ally C-D Interior (APA) with exterior glue, a plywood grade that can be
found in the listing of APA grades, meaning that geometric dimensions,
allouable stresses, etc., can be obtained (see Reference [12]%).

it is recommended that the stress-graded lumber user consider
obtaining a copy of Reference [11].% Similarly but for plywood, Refer-
ence [12].9

A. Plywood Stressed-Skin Panels (Two-Sided)'' as Closures

Appendix A1, Plywood Stress-Skin Panels (Tuwo-Sided Only) as Clo-
sures - Design and Fabrication, includes a detailed treatment of the
subject, aimed at the designer (engineer or architect); certain sections
would be, houever, of interest to the artisan reader, uwho might choose
to gain an overview of Appendix A1 through use of its lists of Contents,

b Tables and Figures (pages Al1-iii and -iv).

- 10 1§ dry conditions do not apply, all plywood must have ”Exterior Glue”

‘ (so stamped); blast resistance shown in tables of Appendices Al, A2,
and A3 uwould be reduced about 50% (conservatively; full redesigns are
needed for a better estimate).

'1 Abbreviated as PSSPs herein.

21

-
v—— -




Lumber ("2-by”) sizes and grades considered for use in building
PSSPs are discussed in the preceding section, as are plywood grades and
nominal thicknesses. Figure 1 shouws a cutaway perspective view of a
4-stringer PSSP, which also illustrates both continuous and non-continu-
ous headers, as uwell as splice-plate installation. The latter may have
little use herein, because closures are not expected to be needed in
lengths longer than the 8-ft (sometimes 12-ft) plyuwood sheets that are
available in plywood stocks of lumberyards. Another view (this one
dimensioned) of a similar PSSP is shown by Figure Al-1A of Appendix Al.
Both vieus show PSSPs with one outside stringer inset 1 in. and the
other outside stringer projecting 374 in. so as to provide tongue-and-
groove behavior among side-by-side panels; such detailing is perhaps
impractical for the rapid construction of expedient option closures dur-
ing a one- to three-day warning period, and such detailing is not
recommended for other (mostly strength) reasons as well.

To obtain the strength benefits of stressed-skin structural behav-
ior,'%9 PSSPs are built with the plywood face plies running parallel to
the stringers, which must be joined to the plywocod by either nailed-
glued or pressure-glued construction (the latter is better so should be
used if facilities are available therefor). See the Fabrication sec-
tion, Appendix AY, for details.

Table A1-1 of Appendix A1 presents 248 designs in a form for direct
reading: Columns 1-4 present nominal thickness and Face Ply Species
6roup for the top and bottom plyuwood skins of the PSSP designs; columns
5-6 give the nominal size (2x4 to 2x8) and number of stringers (per
48-in. wide PSSP), with the latter showing 4, 5, 7, and 9, but 6 or 8
may be used by taking values (in columns 7 and beyond) between 5-7 and
7-9, respectively; columns 7-8 show the PSSP required bearing length on
each end support (in addition to the clear span dimension), in terms of
bearing length on the plywocd bottom skin and on the stringer bottom
edge, respectively (the latter happens to be controlling in all
designs); the remaining columns shouw, for each of the designs, the
PSSP’s estimated peak air blast overpressure resistance (psi) for clear
spans from 2 to 12 ft by half-ft increments, but omitting any value
below 5 psi. In a particular application, the ciear span for the blast
closure will be known, as will availability (sizes, grades, etc.) of
plywood and stringers; from this point one might proceed as follous:

(1) Consider that the data presented covers four plyuood grades in
three nominal thicknesses and two face ply species arades, plus a fifth
grade in one nominal thickness and one face ply species, and the plyuwood
combinations are each used in predesigns with tuo stringer strengths
(termed lower and higher in Table Al1-1) - all as described in the pre-
ceding section, Wood Availability and Use.
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(2) Consider the data for, say, the 6th PSSP design (with 7
stringers), Table A1-1: Top and bottom skins nominal thickness are 3/4”

and 1/2”, respectively, both in Face Ply Species Group #3, and the 7
(lower strength) stringers are 2x4s (nominal dimensions).

(3) Required bearing length at each end of the PSSP, in addition
to the clear span length, would be the larger value of Columns 7-8, or
3.5 in.

(4) For a clear span of 2.5 ft, the estimated peak air blast
(side-on) overpressure resistance would be 9 psi (Column 10).

(5) Equivalent free-field air blast peak overpressure to the 9 psi
just found, which is for overpressure when applied side-on, would be
4 psi free-field air blast peak overpressure if applied fully reflected
(i.e., head-on); the peak blast pressure felt by the PSSP would be 9 psi
in either case, if taxed to its estimated design resistance. The graph
on page B1-26, Appendix B!, may be used to find such ”side-on” versus
head-on” equivalent free-field air blast peak overprescures, in either
English or SI (metric) units (it is sufficiently accurate for purposes
herein to use 1 kgs/cm? = 100 kPa = 100 kN/m? in reading the graph).

{(6) For PSSP widths less than 48 inches: Convert the planned PSSP
width and stringer spacing to a 48-in. wide equivalent PSSP; select the
equivalent 48-in. PSSP number of stringers sco that its stringer spacing
is 2qual to or wider than that in the planned PSSP. Find the applicable
overpressure value for the known clear span, as above; such value may be
used without reduction for PSSP widths of 24 in. or more, but it is
recommended that it be reduced linearly from 0% to 50% for PSSP widths
of 24" to 8”, respectively, with the latter being the narrowest width
recommended for use (this recommendation is adapted from Reference [2])
on page A1-29). NOTE: Panel width, as used throughout this section, is
always measured perpendicular to the span direction of the PSSP.

(7) Selection of a particular PSSP design for planned use would
probably be by trial-and-check repeated use of Steps 2 through 6 above.

An upgrading example using the above PSSP as a horizontal closure
is shoun on page A1-22 and illustrates the case of apportioning the
PSSP’s load capacity between peak air blast loading and soil (for
nuclear radiation shielding) loading.

B. Plywood Stressed-Skin Panels (Two-Sided) as Columns & Beam-Columns

Appendix A2 deals with this subject 2nZ includes a continuation of
the design procedure of Appendix A1, thus requiring frequent reference
work between the two appendices. Aside from the continuation of the
design procedure, the preceding section on PSSPs as closures, and its
Figure 1, should be revieuwed by the reader/user, as should be certain
descriptive figures and general sections of Appendix Al, perhaps espe-
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cially the section on fabrication of PSSPs. Table A2-1 of Appendix A2
is a listing of the computer program developed for the design procedures
in both Appendices Al and A2, thus the program will handle designzanaly-
sis of PSSPs, uwhether for use as beams, columns, or beam-columns. Table
A2-2 provides data on P38P designs similar to that provided by Table
A1-1 of Appendix A1, but the former has the design data for columns and
beam-columns, and includes only PSSPs that have the same plywood top and
bottom skins. Table A2-2 shous, for column use, the total axial
dynamic/impact load (in kips, or 1000s of pounds) that each PSSP may
carry, the principal (and perhaps only real) use of the data. Also
shown, for beam-column use, is data on the beam-column capacity of each
PSSP in terms of an axial load equal to 20%, 40%, 60%, and 80% of the
pure column use load, with each percentage related to the capacity
remaining for lateral loads in terms of psi. All axial loads are rela-
ted to a 48 in. wide PSSP,

Appendix A2 includes a sheet, PSSP Upgrading Example - Column,
showing a sample calculation for a PSSP acting as a column, axially
loaded (only) with both air blast and soil for fallout radiation shield-
ing.

c. Plywood Panels as Closures

Appendix A3, Plywond Use for Closures - Design, covers the design
of plywood panels as closures over apertures such as those found 1n
basements. The design procedure applies to panels supported on tuwo
opposite sides of an aperture, or on all four sides.

The design procedure uas used to develop the predesigns shown by
Tables A3-1 and -2. An example of use is as follows: Referring to
Table A3-1A, assume that 3/4 in. nominal thickness plywood is available
in CD-PLUGGED INTERIOR (APA) grade in Face Ply Group 3 (so stamped on
each sheet of plyuwood), and find from the table that one should refer to
Table A3-1B, Block Numbers 8 and 16, for 1/2” and 3/4” plywood, respec-
tively, meaning that Block No. 16 applies to this example; further, one
should use the second line of that Block for face Ply 6roup 3, in which
line one finds values of (free field, side-on, long duration) peak a1r
blast overpressure, in psi, for seven values of clear span, in inches,
such as 20 psi for an 8-inch clear span. Attention should be given to
the footnote of Table A3-1B. So far span conditions dealt with have
been one-uway simply-supported.

Tuo-uway (supported on all four sides) span conditions are handled
by further referring to Table A3-2 where one finds that, for Block Num-
ber 16 (of Tables A3-1B), the assumed plywood would have its 20
psi/ 8-inch span strength increased by 19% if supported on all four
sides of a square opening/aperture 8”x8"” (1:1 ratio of longer to shorter
clear spans).
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Appendix A3 contains further details 1f desired by the user. [If
avatlable plywood 1s not one of the 10 grades entered 1n Table A3-1A
(including 2 multi-grade entries), recoursce to the design procedure
starting on page A3-3 will be necessary.

0. Wood Beams and Coiumns

Appendix B1, Wood Beam and Column Desygn - Samply Supported, covers
s121nq (designzanalysis) of wnod benms - whether used soli1dly (side-by-
side, on edge or ftlatwise) or spaced as wn floor jursts and roof raft-
ers, and also whether used single-span or continuous over several spans,
all swmply supported - as well as wood ¢ lumns. further, different
treatment 15 shown for wood heams used solidly, when covered with a thin
sheet of plywcod (repetitive-menber use) or without a plywood cover
(single-member use), because the allowable flexural stress ty 15 drffer-
ent for these two uses.

Appendix B! has two major sections, WNood Beams - Simply Supported
and Weod Columns - Simple Supports. A designzanalysi's procedure 15 pro-
vided 'n each ot these two ma)nr sections.

An 1llustrative example s presented 1n paranraph (5), page B1-13,
of Appendix B1, for the use of woord beams salidly srde-by-side, with a
thin plywood covering. The next paragraph (6) deals with the same prob-
lem, but with the thin plywood covertng omitted.

Sizing of wnod bheams used at spacaings of 12, Y6, and 24 yn 15 cov-
ered by an 1llustrative example 'n paragraph b, page BY-1d,  Appendix
Bl. Hote: The results of this sizing diftfers trom the example shuun an
Appendix B2, Home Basements Upgrading n Host Areas, becaune the latter
results are based on i1nterror blast limited to & psi1 or lees nn the
floor above the basement, resulting o the une of a gradual rise time;
yn contrast, the treatment 1n Appendix BY considers the blant loading
rise time as ceru. The results yn Appendix B2 can be converted to matich
those of Appendix B1 by multiplying the former by a factor of 273

For correcting the blast resistance found for a simply supprrted
beam over a single-span to a simply supported beam extendirng conting-
ously over two, three, ftour, or frve equal srans of the same 1ndivaidual
span length, a procedure and tabulation of coarrection factors 15 pro-
vided on page B1-13, Appendix B!

fFor the si1z21nq (desianzanalysis) of wood_columne on sample sup-
ports, a design procedure 15 provided beginning on page 81 15 Appendix
B1. A numerical example begins on page B1-22 and uses frr 1ts solutien
the table and graphs of Frgure 81-2. A discussion ol the adequary ot
end bearing 1n columns follows

Review, light or heavy, of Appendix B2, Heme Basements Uiyaqrading n
Host Areas, 15 recommended for the reader.suser concerned with une of
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wood members in upgrading, both beams and columns; numerical examples
and blast resistance values for lower and higher strength woods are
included.

- —————— —

E. Peak Blast Resistance - Side-On versus Head-on

Finally, a conversion graph is given in Appendix Bl (page B1-26)
for converting free field overpressures up to 50 psi when applied
side-on, to an equal value of free field overpressure applied head-on,
or fully reflected; "equal” in this sense means equal i1n peak blast
pressure felt by the member (for example, the peak blast pressure felt
by a structural member from 45 ps) applied side-on 1s equal to 16 psi
applied head-on (fully reflected)).

F. Steel Plates, Sheets, and Shapes

Appendix E1, Structural Steel Local Availability and Use for Blast
Shelter Upgrading, 1s recommended for complete reading by the readers
user of this report.

Appendix D1, Blast-Resistant Design/Analysis of Steel Members, dis-
cusses steel design generally, structural steel material properties and
strength/resi1stance expressions. Tables present the stresses used for
s12ing members (praimarily plates and sheets), based on the ASII designa-
tion for the steel, designations that are regularly used by steel sup-
pliers. An applications section begins on page D1-9, which covers the
s1zing of steel plates as closures, acting eirther as one-way or tuo-way
flat plates on simple supports: the secti~n 1ncludes numerical exarples
carried along with the discussion. The example uses a table and graph,
figure D1-1, tor solving the one-way plate si12ing problem, with correc-
tron factors ftor all steels, and correctinn factors for two-way plates
from the ore-way plate graphical solution results,

Use of steel plates and sthapes may be considerably limited by
werght-handling Jimitations where no equipment s avairlable, other than

hand lator (Figure D1-1 solutrons stop at arcund 500 pounds maximum
! weight of the steel member . ) The use of steel shapes 15 not covered
| further 1n this report
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Chapter 7
SHELTER FOR KEY WORKERS

There 1s a need for shelters upgraded to the 30 to 50 psy air blast
(peak tree field overpressure) range. Such shelters wi1ll be in the
”risk’” areas briefly mentioned on page 2 herein; this shelter 15 needed
at locations within 15-minutes travel time from each key uworker’s place
of work. Such shelter has also been mentioned above in paragraph (3) on
page 12 where 1t 1s stated that “Work to date has wndicated a low proba-
bility of getting this protection level of shelter 1n existing build-
ings, unless a truly high level of manpower and materral resocurces 1s
spent and, even then, serious questions need to be first ansuwered by
tests concerning the bLlast resistance that can be expected from existing
exterior basement walls.”

Also discussed earlier (paragraph D, page 18), 1s the very serious
problem of lack of knouwledgestest results on the ultimate blast resist-
ance capacity (through collapse) of existing exterior basement walls n
buirldings considered for shelter use.

Table 2 presents the results of existing structures evaluation
(ESE) work done by James E. Beck (8] on 1V burtdings wcross the Unmited
Statee; these NSS buildings are part of the 210-burldirg “RT] statisti-
cal sample” often used for FEMA studies, both reaearch and opreratronal.
Table 2, presenting some results of the ESE work, al<o has information
added under this project, as shown along the right side of earh cleet of
the table. Attentron 15 particularly 1ovited to the data on "iyPloAlL
BASEMENT WALL"” on the raght side of the tirst sheet of the tabie. the
data point up the discussion of the exi sting exterior baserent Lall
problem mentioned earlier and cited above Whether one considers the
mean or 1Y% probability value (aof the tnciprent collarse nierpressures)
shown 'n the data, as on the raght of Table Y, the overall resalta i rw
very li1ttle promise for upgrad:-ng exi1sting baser.-nts tn the 30 o &1 nen
blast range: whether one looks at slabs RCSY, beans (RKCH) | qgrrders
(RCG), or jnists (RCF), of reintorced roncrete, the proasiecta are bleak
for their untted floor strenngth exceeding a value congideirably bel uw tre
30 to 50 pst range Momentarly 1gnoring the bacement wall proble~
extensive upgrading would be required for all stru tural members taimast
without exception) and for each clocure’s support frame, ta rea b the
des'red overpressure range Cost effe trvenpas, 1N terms of v apen:
tures ot manpower and matertals, could well dictate use uf freld e,
expedrent shelters, or other alternatives

One alternative 15 the use aof con.entional larae drameter prre and
culvert matertals (B £t v d for example). such use Tas Leern proaien
nuciear freld tests) to provide high trarees nf protestrio on J t e

contrguration These 1nclude R/C pripe,. corragated steel oivert mater
‘cattle passe
arch shaped (semi circular) multy plate corragated steel “ammin. g
magartne) structures [4 p b 119 to 134

als of round and Colduntor doderpans o croeg G Sanag o gl
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The question arises, however, as to how much of these materials
could be mobilized and installed in a crisis build-up period of, say,
one year.
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Appendix A

BLAST-RESISTANT DESIGN/ANALYSIS GENERAL APPROACH

Introduction

The purpose of this appendix is to discuss several matters that are
common to all blast-resistant designs/analysis approaches, uhatever th.
construction material. This and the following engineering appendices
are aimed at architects and engineers, but generally those ueak in, say,
indeterminate structures and dynamic structural analysis.

For collateral reading, there are many references: the overall
source-book on nuclear weapons effects [1, using its Contents and Index
to locate items of interest],' an early paper, tightly uritten, that is
now a classic [2] (an errata uas later published: delete the denomina-
tor ”6” in Eq. 2, p. 49; delete the fraction bar in text line belou
Eq. 7a, p. 56; and, change the “q” subscript to ”e” in line 7, p. 58);
the first professional society manual on the subject, still current {3]);
two bulky manuals [4,5]; a textbook [6]; and, two publications used in
the preparation of this and other appendices herein [7,8].

In this and following appendices, design and analysis may be used
with little difference in meaning. In most cases dealt with in upgrad-
ing, design is accomplished by seeing what materials one has to uwork
with, then determining each potential member’s blast resistance (analy-
s18) when used under a particular set of conditions. Most often a
design/analysis procedure uill be presented followed by a simplifying
graph or table, which is used by entering either uith the member parame-
ters to find its blast resistance, or with its desired blast resistance
to find the needed member parameters (size, useful stresses, span,
etc.).

Neumark has clearly stated a simplified approach to blast-resistant
design/analysis [8(Ch.7)] from which the following material is quoted
(parenthetic connective words or insertions are by this uriter):

”The various factors governing structural design for blast resist-

ance . . . include loading, structural resistance, design considerations
as affected by the material used, and the structural properties of these
materials. . . . Resistance expressions for different matervals and

support conditions (are presented in following appendices).

! Brackets are used herein to indicate sources in the References list at
the end of this appendix.
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Loading

The simplified loading (Figure A-1) of the various structural ele-
ments . . . are . . . assumed (to be) . . . long duration step pulses?
with pressures py, which are a function of the location of the
elements and their orientation with respect to the blast wave. (In Fig-
ure A-1:

t = time, measured from arrival of the blast front (sec).)

Structural Yield Resistance

“For the long duration step pulse loading shown in Figure A-Y the
relationship (among) the design parameters 1s:

Pm’9y = 1 - 1/7(2p) 1
where:
Pm = peak pressure (psi)
py = the (idealized) yield resistance of the structural element
(psi)
i = the ductility factor defining the maximum acceptable

response of the structure, i.e., the ratio of the maximum
deflection to the yield deflection

”Two important design parameters do not appear in the above equa-
tion. These parameters are:

td = the duration of the (positive phase of the blast) loading
(sec)
T = the (effective natural) period (of vibration) of the struc-

tural element (sec)

These parameters do not appear (in Egq. 1) because the ratio tgq/T is con-
sidered to be infinite, or effectively greater than about 3. Reference
[2 or 3] may be consulted to obtain the relationships replacing the
above equation when the ratio tgq/T is small.

*#The structural yield resistance qy, and the limit of acceptable
structural response p are determined by considering the resistance-de-
flection curve for the structural element. The resistance q (is) consid-
ered as a static loading distributed spatially in the same manner as the
air blast loading;

2 A loading whose application is instantaneous (i.e., rise time equals
2ero) and duration is long.
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Pressure, psi

Time, sec
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Source: Reference 8, page 169

Figure A-1 BLAST LOADING
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q Sostructural resistance ipega)
15 plotted 1n Fiqure A2 . ahere
qy = the structural yileld resirstance (psh)
The deflection 1s also plotted 1n Figure A 2, where

X e = the yield deflection
The ductirlirty factor

W EE S NS TS

where

u

X m the maximum acceptable detftiection.

In the selection of xn,, both structural integrity and structural func-
tion should be considered. The value ot x, should not be greater than
the deflection at which the resistance of the structure begins to drop
off or fracture occurs. Operational requirements, e.g., avordance of
jamming of a door or 1ts operating mechanism, may set a lower limit on
Xm.

“Figure A-2 1s a typical resistance-deflection curve with 1ts 1de-
ali2zed bi-linear representation as used 1n design. The 1i1dealized
resistance function 1s constructed so that the area under both the real
and 1deal curves are equal {(from zero to) yield (xe) and (from yreld to)
maximum response (xpm).

“The design involves establishing the required yreld resistance for
the structural element and then providing this resistance 1n the struc-
tural element (or analysis involves knowing the latter and finding q).
The peak pressure ps 15 evaluated (by considering expected peak
overpressure, peak expected pressure and reflection factor, peak room
t1l1ling pressure [7(p.8-112)], etc., and) the orientation of the struc-
tural element with respect to the blast wave. If allowable maximum
deflection is set by structural considerations, the ductility factor pn
is a function of the type of structural element and materials used. If
operational requirements govern, the ductility factor  will be selected
to limit the maximum deflection of the structure to the permissible mag-
nitude.

”In the (following appendices), expressions are presented for yield
resistance qy, yield deflection xe, and the period T for (structural)
elements of various materials and structural types. The maximum recom-
mended value of the ductility factor based on consideration of struc-
tural integrity is presented for each material and each structural type
considered. These g values must then be checked to insure that the
resulting deformations are operationally acceptable.
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Source: Adapted from Reference B, pawe 7
Figure A~/ BLAST RFSTSTANME
(Typiral Real and Tdealized load-Detle tion Carves:
A-5

PUTSEE WY NN praary




Structural Properties of Maternals
v dcllheng arpendices are rresented the strength properties of
materta.s et ed s table far (basement protective) structures. In
may o ntan s the vartety nt commergially availlable materials 15 too
yreat sor tneplete descraption of pertinent properties heren. There-
tore  wxprencooag for design stresces for protective design (may be)
Jraeen e ot ext-ngive strength tabulations.
“brete to.e qtructures ate designed on the basis of a predicted
ba lure Loas bariure being defined ervther hy the lhimit of acceptable
qufarmatiio r nhy tte tancapient) collapase of the structural element.
Norra' s w Aot le  larne getormatran, fairlure mode 1s desired 'n design
Giec e parge amonts of energy are absorbed in o inelastic deforma-
YU e qtrecgee g1,en herein correspond generally to the prob-
Al e o el 5 e ot the materaal under the blast loading conditions.
STV IR i St e renrygent praobable yield stresses for the mate-
“ L arantesd moarmor values, sincre 1t 1s desired to estimate the
G e vt Ltas ter the <t tural element rather than a lower 1vmit
. LS [ W |
HEERE oG L seeaponrs Avalyst Overpressure
omogt errtas te thgt thie peak blast design overpressure pm 1S
A e @ T I S B A L 2 The forner Vs a value that should
“ o o e e ot lat, of not reaching 'ncaipient collapse or
“ e ey Ce et ot oo wlereas the latter should be a medran
¢ Pt MRS .o [T
aot ' wtety,
PR S Lty v stes gosanalysis (dar o say . 89% probabilrty of not
v : Dot s ape o ceme cther taanlure definition) s based
Ao aw o art precg e alue tigt bas ail facters of safety wrung out
. . . Cr gl e o re st dymamac loeasds, various structural
@ et A vl T gL o dderent ayngmae response characteris- .
. L ek toLe natoral perand of erastic vobration 1) Thus, f !
“ ¢ toral e emente are Yoo b cdesiagned te the same dynamic strength
oo . G me et b termes b oo dynamae load(s) Therefore, 1f
PR b ver, 0 megn bt gl sttt yral elements 1s to be set, 1t
v e nd e g lead rag that 1s. an thys case arr blast
Povae it o Here g o,ne troter tyee structares agatnat nuclear ayr blast
ity v, ewpen e the qyname dactor ot c3iety s usualiy taken as
N o S peak acr bBlant presoure 1) rensaidered most likely to
’ . ¢ e ene assumed fnr o desoige uae as the pressure that one i
oAttt o ta prater bt against 4 the latter ‘5 to be subject to a fur-
fher b v b qadety . for example twn, then this factor s simply used
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as a multiplier on the peak pressure arrived at by either of the tuwo
methods just described.
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Pm

NOTATION

peak pressure (psi)

the (1dealized) yield resistance of the structural element (psi)
structural resistance (psi)

the structural yield resistance (psi)

the (effective natural) period (of vibration) of the
structural element (sec)

time, measured from arrival of the blast front (sec)

the duration of the (positive phase of the blast) loading (sec)
the yield deflection

the maximum acceptable deflection

(Xm/Xe)

the ductility factor defining the maximum acceptable

response of the structure, i.e., the ratio of the maximum
deflection to the yield deflection
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Appendix Al

PLYWOOD STRESSED-SKIN PANELS (TWO-SIDED ONLY) AS CLOSURES -~

DESIGN AND FABRICATION

Extracts (with minor revisions) from the main text and Appendix Al of

Murphy, H. L., Upgrading Basements for Combined Nuclear Weapons Effects:
Predesigned Expedient Options, Stanford Research Institute® Technical
Report, for U.S. Defense Civil Preparedness Agency,# October 1977,
(AD-AQ54 409)

* Now SRI International
# Now Federal Emergency Management Agency
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Design

A design procedure for plywood stressed-skin panels was developed
because plywood and suitable wood members for the necessary stringers
are in abundant supply in local lumteryards, and because efficient use
of such materials can assist greatly in meeting the existing basement
upgrading need for many closurés against air blast entry into the base-

ment.

Existing design procedures were studied, used as a basis for devel-
oping the procedure that follows, but had to be carefully reviewed/
modified/rederived to make them both dimensionally consistent (and thus
more readily convertible to metric units, a contract requirement) and
usable for panel widths other than 48 in. (a limitation built into the

1,2*%
present procedure).

The developed design procedure is limited to plywood stressed-skin
panels with both top and bottom skins, both of which are used with the
grain of the outer plies parallel to the stringers. Adequate shear
transfer between plywood (flanges) and stringers (webs) is assumed,
based on using pressure-glued or nail-glued joining techniques. The
normal-use allowable stresses in the procedure are intended for applica-~
tion to panels at least 2 ft wide (measured perpendicular to stringers);

] . 2(p.1
narrower panels are subject to reductions in allowable stresses. (p.19)

Design Procedure. The design procedure (steps) follows:

1. Assume a trial section and clear span (in direction of stringers),

and that panel is fully and uniformly loaded. See Figure lA.

2, Get values for b ('"b distance'), both for top bt and bottom bb

skins (Figure 1B). 1If clear distance between stringers, Figure lA,

exceeds 2b for both skins, this design procedure is inapplicable.l(p's)

3. Calculate N.A. (neutral axis location) for deflection. Use bottom

of panel as reference line for moment arms : applied to areas A//E,

* Superscript numbers are related to the references list at the end of
this appendix. Reference 2 must be held by the user, particularly
for its Tables, pp. 9, l4~17 and 26; holding Reference 1 is unneces-

sary but may be desirable. (Reference of this report's main text
is later reference and not significantly changed from Reference 2
herein.)
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FIGURE Al-1

———————y

Top Skin - 5/8“ UNDERLAYMENT Group 1 INT-APA
{For this thickness and stringer spacing, a 5 ply 5-layer
panel should be used tor resistance to concentrated

floor loads.)
A = 2728 in. m’
Iy 0141.n e o

1
,, // ”
11 - 0.023 % /ft 7.(1/4 gap each
side of splice
plate)

2 x 6 Douglas fir-

Larch No . 1

stringers splice plate
A* = BO6in? i

I° = 194in%/’ Bottom Skin - 5/16"

C-D 20/0 INT-APA

Al - 1.914in? /f1
I = 0.025in* /ft

-1 ! T
R YRy, T - =112
03125° ~ ..o g
Clear distance 48-3x15-1-075
between stringers = - 3 = 13.9”

Total splice plate width = 3(13.9 - 0.5) = 40.2"

*Includes a 1/8” reduction in depth to allow for resurfacing.
A.

R s ¢ oA P

Basic Spacing, b, For Various Plywood Thicknesses

(Face grain parallel to stringers®)
e 8 .

-
Bouc Spacwng b (imchen) f
Piyweed Number o phes %
3 . I s . 7 ;
13 loyert 15 layer! 1% iavee) (7 loyoe!
b —
114 Sended 10 I
518" Untanded 2
38" Umanded A 6 !
o e -
S ) !
L1 Unmnded wnded rouch unded. [ . Ll n
L sended -4 n 35 — 4 7_3_3»__{
_ S0 19732" Tauch woded SR S L u
34" Umended_wnded 10uch wnded 36 n it
W3 Toschwodee | 3% n 3
18" Unanded 48 ki)
18" Sonded 51
A N R 1]
24 | 6
TWhers ol woOod 18Ce gratn 18 BCros stringdrs write APA for appropriste "’ distances.
B L ‘

1(p.4)

PLYWOOD STRESSED-SKIN PANEL (Example Trial Section)
AND TABLE ON STRINGER SPACING. (P+>)
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counting only plies parallel to stringers (for A//) and increasing E
values (to correct from effective E to true E in bending), by 107 for

skinsz(p'l7)’1(p'7) and 3% for stringers.3’l(p'7) A// values are avail-

2(p.16: note units, col. 4: in.2/ft)

able from tables A calculation

example is shown in Figure 2A.

4. Calculate parel (EIg) using N.A. of Step 3. This stiffness factor

is for moment deflection only (i.e., excludes shear deflection). Obtain

2(p.16,co0l.5)

Io values for skins. Calculate IO values for {(combined)

stringers (bd3/12), including a portion of any stringer that is partially
outside the plywood skins, as one stringer is in the calculation example
shown in Figure 2B. Same E values and percentage increases are used as

in Step 3.

*+

{

5. Calculate allowable load (TL) - deflection:

2
- . 5 2 0.15
Pg =1/ [eeet ¢ 384 (EIg) * X )]+ DL

where: = allowable TL - panel deflection (psi)

P4
C = factor for max. allowable deflection®
(often 360 floors, 240 roofs, LL only)

(EIg) from Step 4 (lb-in.z)

A = (actual) total X-sec. area of all stringers (in.z)

G = modulus of rigidity of stringers (psi)
(taken as 0.06 E plus 3%)

{ = clear span of panel (in direction of stringers)(in.)

£' = width of panel (skins only)(perpendicular to 4)(in.)

6. Calculate allowable load (TL) - top skin deflection (cross-panel).
Usually only the top skin deflection need be checked, but unusual assumed
sections may require top skin moment and shear investigations.l(p'g)

Check strip 1 in. wide for allowable total load (TL) and deflection

* If C 1s based on TL, then p, will be direct}y in TL units (psi),
without adding the DL term n the equation.t(P-9)
+ While(EIg)excludes shear deflection, the formula for Py includes it.
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: 0.6'25"
: Wy r— X
‘; s.ol"'- 5.375" NA % - 392"
\ T T KL
3.0” 0312 0.156"
Values of A of plywood from PDS Table 1.
itom € A ALE y Arky

TopSkin  1.800000x 11 = 1980000 4x2728- 109 21600000 65000 129.600.000
Stringers 1,800,000 x 1.03 » 1.850.000 4x806 - 322 $9,600,000 3000 178,800,000
| Bottom Skin 1,800,000« 11 = 1.980,000 4x 1914 766 15200000 0156 2.370,000

Totst 08 96.400,000 310.770.000

ZAllEy _ 310,770,000

V= ZAlE - 96400000 = °%2
A, !
0.625'
N I
—;‘ 309::
2.78° R

0.22"| /\ |306" 7 = 3.22"

-
03127}

Values of 1, of plywood from PDS Table 1.

i ttom 3 I Al & & AM? la+Aid® Elg+AM?)
TopSka 1980000 0564 103 278 773 843 843 160,000,000

f Stuners 1850000 776 322 022 (048 1S5 792 147,000,000
BottomSkun 1,980,000 100 7.65 306 936 717 N8 142,000,000
Tatet l,- 2359 457,000,000

El; = 457,000,000 Ib-in.? per 4-ft width
B.

FIGURE Al-2  NEUTRAL AXIS FOR DEFLECTION AND (EI

)
g
} (Calculations Exaunples)l (p-8)
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(FF or fixed ends beam assumption), based on cross-panel top skin deflec-

tion behavior, as follows:
p, = 384 EI / lc@am>] + oL
where: P, = allowable TL - top skin deflection (psi)

C = factor for max. allowable deflection*
(often 360 floors, 240 roofs, LL only)

E is for top skinz(p°17’ no JO% added) (psi)

I is for stress apgl%gd perpendiculgr to stringers and face
grainz(P'16 €oL.7). table's in. /ft values must be changed
to in."/in,

[ 31
A

= clear distance between stringers (Step 2 and Fig 1A) (should
be uniform; if not, use longest value) (in.)

Mid-span cross-panel deflection, of course, then equals £'"/C.

7. Calculate N.A. for bending. Effective width of skins (as ''flanges'
to each stringer) is b/2 on each side of stringer, plus the width of the
stringer. Get b from Step 2. Make sketch showing effective widths with
each stringer, of both top and bottom skins. Calculate N.A. location,
using bottom of panel as reference line for moment arms y; see example,
Figure 3A; E values are used plus percentages, as in Step 3. Recall
that A// tabular values are in in.2/££ width and must be corrected for
effective width of skins (versus total width used in Step 3), as must I0

skin values; moment arms for skins and stringers are the same as in Step 3.

NOTE: Non-Stress-Graded stringers are omitted in the calculations
of this Step (i.e., valued at zero), even though in Steps 3 and 4 they
would be included.

8. Calculate (EIn) for bending. Use all data from Step 7, plus using
Io for each skin as flanges (from Step 4, but correcting Io values from
full panel width to "effective widths'" of Step 7), again correcting for
tabular units of in.A/ﬁg width, as necessary; use I0 values for stringers,
as in Step 4 (omit Non-Stress-Graded stringers, though, as in Step 7).

See example calculations, Figure 3B.

* If C is based on TL, then p_ will be dir?ctlg in TL units (psi) with-
out adding the DL term in the equation.)(P-9
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Effective width of top skin = 48"

! ' Effective width _ ... o gy an
' of bottom skin 48 -3(138-12) = 42.3

Effective
/ Widt\h of Sliin

‘ 6.0 a - 328
!' g 139" IR
i " Clear Distance 0.156"
Item E Al AiE Y AqEy
Top Skin 1,980,000 109 21,600,000 €00 129600000
Stringers 1,850,000 322 59,600,000 300 178,800,000
Bottom Skin u,saoloou%;n.su « 675 13400,000 0.156 2,080,000
94,600,000 310,490,000 ,
!
- __ZIA IlEy 310,490,000 - 328" ‘
Y = TIANE - 94600000 1
A.
4
= ;
{ 2z * ‘
[TV -
Tyt }-N. A
0.28"1/ "1312" § = 3.28"
S e | !
y Itom E lo Al 4 & AN (geAnd’ Ellg+And?)
Top Skin 1980000 054 109 277 740 807 N3 161,000,000
'3 Stringers 1850000 776 322 028 0078 251 801 148,000,000
SottomSkin 1980000 0088 675 312 973 657 658 130,000,000 ]
t 1, 22712 439,000,000 .
i EI, = 439,000,000 Ib-in.? per 4-ft width
B.

FIGURE Al-3 NEUTRAL AXIS FOR BENDING MOMENT AND (EIn)

(Calculations Examples) 1(p.10,11)
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o Mp.lT)
‘ IR SR B T 2 A TR " A ThprtessiLoe o ~tress.  ohtain B ¥
‘
tre ot N A L e distanoe between stringers LY o (step b))
' , ey T LW Cororatdio oo, gme Do tor ratio 1.0
g wre parenttie! s omment 1o Step Jo, ase 8700 and tor ratios
Belacenl .0 amd .0, waty pelsentaye carrection ineariy hetween 1007
1 [ *
i )
and b
(p.17)
Lo Determine settom skin o aliowable tensile stress.  Obtain F
, lporiy

o bes ! F' I sdlMe mdniel d4s Step Y ttor B asing &) ITrem Step o

L, vaicalate ailowable load Iy = bending

poo= o(n b SO NS S b
b n
where. p = allowable load ¢IT) - bhending (psi)
b ¥

F=F or F( trom Steps 9 and lU, as appropriate (psi)

(E1 ) trom Step 8 (lb-in.")

Eotor skin under check, top or bottom (as in Step 3, including
percentage increase)(psi)

¢ = distance from N.A. tor bending (Step 7) to extreme fibre
(of skin under check, top or bottom) (in.)

{ and {' are same as in Step 5 (in.)

Check Py for both top (pbt) and bottom (pbb) skins, then use smaller

value as the applicable Py-
12. Calculate allowable load (TL) - rolling shear:

It is generally sufficient to check rolling shear onlv in the thick-

er skin (it usually has the larger @ of the two skins, which leads to a

1(p.13)

smaller allowable load). The skin's critical plane for checking

(in panels with face plies parallel to stringers, a fundamental limita-
tion in the overall procedure herein) is along the glued plane on the

inner side of the inside face ply of the panel; see Figure 4A.

2
Find area A (in.”) for parallel-grain plies outside the critical
plane (note that tabular values are for 48-in. wide panels, so must be

corrected proportionately for other panel widths {'), Figure 4B, 2nd or

* Reference 1, p.l1, figure erroneously shows 67.57 instead of correct
value of 66.7% (as shown in text example and in other sources).

Al-7
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Table Grves Area of

Parallel Plies Qu
ot Critical Plane

tsidde [

Critical Plane for
Rolling Shear

A and y’ for ComputingQg¢ *

A,

Y

i
3!
e

Neutral
Axis
ot Panel

S

Pywood STRUCTURAL | Grades, or sy Group 4 Panet Ali Qther Panohy
Thic ness Face Gran 10 Stringens Face Gromn ;10 Strngers | Foce Gramn  to Stringers Face Graem . 10 Stringers
(Y] Arss Y Arns 3 Ares 'S Aros [
fn 7y fin) fwn ?) tin) (L Ln) tin ¥) ) i
Unsended Paneh
516 (1) 0049% ars 0148 383 00479 264 0143
38 445 00464 518 Q18c in 00461 319 0180
12 581 00606 119 0.247 62% 01 a3 0242
58 924 0176 975 0305 718 0140 542 0308 1
34 134 0076% "ns 0367 816 0208 653 01367 B
Sended Penehr i
14 3136 00350 49t o 336 00350 FRX] 0
38 336 00350 851 0184 3136 00350 13 0184
12 189 00406 923 0246 389 0 0406 513 0246
58 456 00475 "y 0309 456 00475 65t 0308
34 120 0 151 03n 818 0233 842 03n
Touch Sanded Panehr
12 456 00475 835 0224 456 00475 464 0224
1932 793 0174 16 0276 590 0139 644 0276
58 8N 0185 123 0288 606 0148 686 Q288
238 608 00632 45 0344 814 0213 806 034
14 606 00632 153 0356 837 0225 850 0356 3
240 127 0359 165 0547 !

FIGURE Al-4  ROLLING SHEAR CRITICAL PLANE AND q_ & (P*1%)

*Ares Dased on 4B° wide pane! For other widths, use s ProPortlioNste ares

B.
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6th column. Calculate distance dS (in.) from N.A. (tor deflection,

Step 3) to centroid of A, using moment arm d = ¢ - y' (all in. units),
where ¢ is distance from N.A. to extreme fibre and v' can be taken from
. . . .3
table, Figure 4B. Then calculute the statical moment () (in. ):

s
{ 2 = A d
S 5

Calculate & Fst (psi-in., or lb/in.), the sum of the glueline widths
over each stringer, each multiplied by its applicable allowable rolling
shear stress FS (Reference 2, page 17) but with a 507 reduction applied
to outer stringer(s) whose clear distance to a panel edge is less than

half the clear distance between stringers.l(p'ls)

Caiculate allowable load (TL) - rolling shear (Ps’ psi):
- 5 t ~
Pq (2(LFSt) / (L Q) ((Elg) / E)
where: (ZFSC)(lb./in.), { and £'(in.), and Qs(in.B) are defined above

2
(Elg) from Step 4 (lb-in.")
E for skin under check, usually thicker one (tabular value plus
10% if taken from Ref. 2, p. 17)

13. Calculate allowable load (TL) - horizontal shear:

Calculate statical moment Qv of all parallel-grain plies and

*
stringers in full panel width 4', working either above or below the N.A.
for deflection (Step 3 and Figure 2 can provide numerical data for these

QV = A d calculations, as an example of course):

+ Q E / E K

Q,6 = . . . .
2v Qstrmgers skin skin stringers

. : .3
where: Qv is defined above (in.7)
Q = x-sec. area of all stringer portions either above or

stringers below N.A. (depending on chosen approach)” times its
centroidal distance from deflection N.A. (as moment arm)

(in.3)
_ . . 3,2(p.16, col. 4 for A,))
stin = A// for chosen skin X moment arm (in.”) //

E's as before (Step 3, including percentage increases)(psi) i

* Calculations ''below'" are easier, if deflection N.A. calculations (Step
3) were made as stated, i.e., using bottom surface of panel as refer-
ence plane.

Al-9
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Calculate:

p, = (2 Ft / (u'QV)) ((EIg) / Eg )

t

where: p, = allowable load (TL) - horizontal shear (psi)

3(Table 1)

Fv = allowable stress in stringer horizontal shear (psi)

t = sum of stringer widths (including side projecting portions,
Figures 1A and 2)(in.)

(Elg) from Step 4 (lb—in.z)

ESt for stringers, as in Step 3 including percentage increase (psi)

£, L', and Q, as above (in., in., and in.3)

14, Calculate required end bearing length:

The preceding steps that have led to allowable load (TL) under
various criteria have used {4 = clear span (in.)(Steps 5,6,11,12 and 13),
but for end bearing, the full length of the panel will be greater than
1, sufficiently to provide for the allowable load (TL) in end bearing.
Further, properly installed headers will have to be capable of spreading
the end bearing load across the full panel width of the (thin) bottom
skin; thus continuous headers crossing (nail-glued or pressure-glued)
the stringer ends, and within the cover of both top and bottom skins,
are recommended (see Reference 1, page facing page 1, top sketch, far end,

for example).

The following approach to calculating {é (required plywood end bear-
ing length at each end) considers adoption of the continuous-headers
recommendation just above, but may be also used, perhaps with less con-
fidence in ultimate strength behavior, for blocking-type headers (see

same Reference 1 sketch, near end, for an example).

Let: {é = required plywood end bearing length at each end of panel (in.)

£ = clear span of panel, as before (in.)

' = full panel width (skins only) (note: entire panel area, in-
cluding end bearing lengths, are assumed to be under a
uniform loading) (in.)

P, = smallest of the calculated allowable loads (TL), from Steps
5, 6, 11, 12 and 13 (psi)
F , = allowable bearing stress on plywood face, for load perpendic-

ular to plane of outer ply actually in bearing (psi)2(9-17)

a:-10




Then: applied load must be less than or equal to resisting capacity:

iV
-~
o~

p L'
m e ¢t

or 4 (min. at each e¢nd of panel) = p L 7 (2 F )
e m ct

It is recommended that {é be at least 1.5 in. (38 mm).

The bearing length of each stringer end (at least 1.5 or 2 inches)
(38 or 5! mm) should be sufficient to handle the unit blast load on the
plywood panel multip.ied by the maximum c-c spacing of stringers and
divided by the stringer width, all in accordance with Appendix B (espe-
cially Figure 6-~12, which may be extended as needed based on last

"bullet" paragraphs on page 6-111), See also Figures 9 later herein.

15. Glued plywood end joints (across face grain):Z(p.ZS,Sec.S.6)

15A. Scarf joints: Sketches of end-of-grain joints are avail-

able.a(p'g_ll)

Scarf joints are made by bevelling across the plywood
end edges (i.e., perpendicular to stringers and face plies of top and
bottom skins), then joining the bevelled ends with an appropriate ad-

hesive. i

For the tension skin: 1 in 8 or flatter bevels transmit 100% of !

full allowable stress; 1 in 5 transmit 75%; use linear p:oportioning ?
between these two bevels; and steeper than 1 in 5 are not to be used.z(p'zs) »
For compression skin: 1 in 5 or flatter bevels transmit 100% of ]
2(p.26) 4

allowable stress; steeper than 1 in 5 are not to be used.

(Note: Finger joints are too complicated to form and otherwise

unsuitable for further consideration herein.) i

15B. Splice-plate design (butt joints): While scarf joints are the

recommended technique, this design section is presented for use if

needed.l(P-IZ,Sec.Z.s.s)

1(2,p-5)

For a splice-plate illustration, see Figure or top sketch 1

of page facing page 1 of reference 1.

Al-11
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Splice-plates are to: be 1/4 in. clear of stringers at both plate
ends; have skin face grain perpendicular to splice; be of grade and
species group equal to the plywood spliced; and be no thinner than the
skin being spliced. Tension skins with splice-plates are capable of
transmitting 100% of maximum allowable stress.z(p'26’table) If the
splice-plate is shorter than required for use of an allowable stress in

the referenced table, the allowable stress is tc be reduced proportion-

ately.
Calculate splice plate allowable load (TL) - tension:
2
Py = (8 F / (ct'47)) ((EIg) / E)

where: p_ = allowable load (TL) on tension splice at point of max.
moment (psi)

F = allowable splice-plate stress X proportion of panel width
actually spliced2(p.26,table)
c = distance from deflection neutral axis to extreme bottom

(tension) fibre (in.)

c and (EI_) are as in Figure 2A (y) and Step 4, respectively
(in.8and 1b-in.?)

E is for tension skin, as used in Step 3 (with the percentage
increase) (psi)

4 and £' are as before (in.)

Splice plate allowable load (TL) - compression: These plates can
be approved by inspection, for 100% transmittal of allowable stress,

subject to cited references.z(sec°5'6'l'2 and 5.6.2.2)

Design Stresses ~ Blast Protection Use versus Normal Use. The

design procedure detailed above is that for normal, day-to-day uses, for

2(p.17),3 Such allowable

which allowable stresses are prescribed.
stresses are totally inappropriate for one-time blast loadings, with
their extremely short (essentially zero) rise-times and short durations
(1 or 2 seconds in our range of interest, even for megaton weapons),
inappropriate in that they result in seriously underestimating the ulti-
mate strength of structural members under blast loadings. The reader is
referred to Appendix Bl herein, especially the introductory section and

the '"Design Procedure" section; within the latter, specific attention is

Al~-12




invited to its introductory section and design steps 1 through 4. Such
referenced reading covers the very basic structural dynamics, bilinear
blast resistance, ductility ratio u, etc., as well as the increased
stresses used in blast-resistant design: for wood beams, the increases
are four times for Fb and Fv (extreme fibre stress in bending and hori-
zontal shear stress, respectively) and no increase in Fcl (compression

stress perpendicular to grain, or bearing stress). Authorities are

cited.

An examination of literature helpfully furnished by the U.S. Forest
Products Laboratory, Madison, Wisconsin, indicated the following: Tests
on plywood stressed-skin panels (PSSPs) to destruction were few in the
literature furnished, being restricted to tests on PSSPs with narrow,
plywood stringers where all (predictably) failed along the stringer glue-
lines; the allowable stress increase of 100% for impact loadsz(sec'3'3'l'l)
seems to be well supported by a test report5 in terms of both short dura-

tion loads and fast rate of loading, for both wood and wood-based mate-

rials (including plywood).

If one considers that "allowable" stresses in most cases (and mate-
rials types) are based on a factor of safety of about two, we can then
arrive at a factor of four (including the 100% for impact) for ultimate
strength under short, rapidly applied loads - a factor of four for
certain stresses, at least. These stresses might include, for

.2(p.17)

PSSPs: F,, F, F , F and F , but not F ,.
c’ v s c-

b’ "¢’

Pending receipt of better information based on sorely needed tests,
these dynamic stress increases were tentatively adopted for use herein;
test data found were for static loadings, or for loads within severe
limits on deflection, or for loadings far short of failure/collapse (as

used in typical air blast loadings and design technology).s’6

For a value of the ductility ratio p, however (see App. Bl, Design
Step 3), a value of two was similarly and tentatively adopted for PSSPs,
with a value of three tentatively continued for wood beamsf again hoping

to obtain appropriate test information in the early future. For a

* See Appendix Bl following.
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dynamic load simplified to a step pulse (zero rise-time to a constant

loading of infinite duration), the relationship is

Pam = Pp (1 - 1/(2w)) = p (3/4), for u =2

m

Typical Designs of PSSPs. In order to handle the many sets of

design computations required in producing a reasonably adequate catalog
of pre-designs, a computer program was prepared (in Dartmouth BASIC),
following the above 15-step design procedure (Step 15 on design of ply-
wood end joints was not included in the design output, although it is
included in the computer program). A listing of the computer program is

used, but as revised for use there, is shown in Appendix A2.

The pre—designs* covered clear span ranges from 24" to 96" for
lighter panels and from 24" to 144" for heavier. Stringers included
2x4s, 2x6s and 2x8s of both relatively low and high strengths, thereby
covering a considerable range of lumber species among those readily
available in local lumberyards. Several plywood types/species/grades
were examined, with complete pre-designs using two types/grades through-
out; this was coupled with use of face ply species groups #1 and #3,
except that #3 was not used for the 1-1/8" plywood because of unavail-

ability.

The pre-designs of Table 1 are limited to two plywoods: Underlay-
ment Interior (APA) in face ply group species #1 and #3, for 1/2", 5/8",
and 3/4" thicknesses; and 2.4.1 Sturd~I-Floor Interior (APA), which is
only made in #1, for the 1-1/8" thickness. These plywoods have high

availability in local lumberyards in the indicated thicknesses.

Also having similar availability are three other plywood grades:
Underlayment Exterior (APA), C-D Interior (APA) and C-C Exterior (APA).
Pre-designs were prepared using these three plywoods in sufficient number
to show that Table 1 may also be used for them with insignificant errors

(all on the conservative side).

* All included panel dead load (DL), which was less than 0.1 psi in all
cases, thus py, values are appropriate for laterally loaded panels
used horizontally or vertically.
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Fabrication

Fabrication of plywood stressed-skin panels (PSSPs) is concisely yet
thoroughly described in a publication available upon request.7 The pub-
lication emphasizes the need for adequate gluing in order to develop the
composite action of plywood stressed-skins and the stringers. Results
from mechanical-pressure gluing have been found to be generally superior
i to nail-gluing (latter, properly performed, is the basis for the design
: section herein, however); supplies needed for nailing may have to be

| estimated in advance, for which the following extract will be usefu].:7(p'6>

f ""Nails shall be at least . . . 6d for 1/2" to 7/8"
} plywood, 8d for 1" to 1-1/8" plywood, . . . spaced
: not to exceed . . . 4" (along the framing members)
for plywood 1/2" and thicker, using one line for
lumber 2" thick or less, and two lines for lumber
more than 2" and up to 4" thick (wide)."

Glue, recommended for use in accordance with the manufacturers'
recommendations, should be one of the two following types: Interior,

for use when the equilibrium moisture content of the materials used does

not exceed 18%, may be casein type with a mold inhibitor, conforming

with ASTM Specification D3024; Exterior, for higher moisture contents,

conforming to ASTM Specification D2559.

Nailing without gluing simply does not exploit the strength of
PSSPs and the capabilities of their materials - the nails can too easily
yield along the grain of the stringers so that they are inadequate as a
shear transfer mechanism. The sparse test data found clearly show con-
cern with deflection, not flexural, behavior as the controlling criterion,

thus ultimate strength is not considered. u

In the absence of some kind of ultimate strength behavior tests,
the author has no basis for a recommendation, even heavily qualified, on

the relative strength of nailed-only to nail- or pressure-glued PSSPs.
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Further Work

As mentioned in the section on 'Design Stresses above, tests
for ultimate strength (i.e., through to failure/collapse, recording full
load-deflection history including time) under dynamic loadings, or even
under static loadings if well into the plastic range, are badly needed
as a better basis for design of PSSPs as blast closures. With such in-
formation, one might be, for example, justified in design procedure use
of numerical integration of the equation of motion, instead of the less
rigorous approach of using a step-pulse loading of infinite duration, as
has been done in preparing the design procedure above. Further, the
wood design stresses would be better known, of course, as would the com-
posite behavior including the primary cause of each test PSSP's failure
mode. Some tests have been completed at the Ballistics Research Laboratory,

U. S. Army, Aberdeen Proving Grounds, Maryland 21005, and more are planned.
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NOTATION

total x-section area of all stringers

x-section area of parallel-grain plies outside the critical plane
for rolling shear

total x-section area of all stringers and skins A// (beam-columns)
x-section area (finished) of plies // stringers, in each skin
x-section area (finished: of plies * stringers, in each skin

b b basic stringer spacing; subscripts are for bottom and
top skins, respectively

factor ror maximum allowable deflection (usually based on LL only)

distarce from neutral axis (for deflection or bending, as locally
definel’ to extreme fibre (of skin under check)(see §)

moment arms for various x-sectional areas (subscripted A's), used
in Ig and In calculations

=c—y'

modulus of eiasticity

E of stringers

) panel parameter, calculated using neutral axis for deflection

) panel parameter, calculated using neutral axis for bending moment
allowable stress, general

allowable splice-plate stress multiplied by proportion of panel
width actually spliced

allowable stress, compression in plane »f plies // stringers
allowalble stress, compression // grain in stringers

allowable stress, bearing on plywood face

allowable stress, rolling shea:

allowable stress, tension in plane of plies // stringers

allowable stress, tension // grain in stringers

allowable stress, horizontal shear, in stringers

modulus of rigidity in stringers

moment of inertia, total x-sectional area (finisned) of all stringers

moment of inertia, in direction ! stringers, of top skin A,

gross I of total panel x-section about deflection N.A.




. (an RNy
NOTATION (concluded)
In gross I of total panel x-section about bending N.A.
IO gross moment of inertia of x-section portion about own centroidal axis
I//, 1, moment of inertia for plies, corresponding to A// and A, areas
clear span of panel, in direction of stringers
. Le plywood end bearing length required at each end of panel
! L panel width (skins only), perpendicular to %
? " clear distance between stringers
; ) design LL or TL (use load related to assumed C factor)
% P, allowable axial load (TL) in beam-column
i P, allowable load (TL) - bending moment
| Py allowable load (TL) - panel deflection
E Pyq Same as p but specifically for dynamic loads/loadings 3
Py smallest of calculated allowable transverse loads (TL) (in PSSPs for: :
deflection, bending moment, rolling shear and horizontal shear) #

p allowable load (TL) - tension splice-plate
P allowable load (TL)
P allowable load (TL)
P
Q

rolling shear

top skin deflection
allowable load (TL) - horizontal shear

statical moment, about neutral axis for deflection, of parallel
plies outside critical plane for rolling shear (see A above)

Q statical moment, about neutral axis for deflection of stringers and
A plies x-sectional areas, taken either above or below that axis
(used in horizontal shear allowable load calculations)

t glueline width of each stringer (used in ZFSt)

t sum of stringer widths, including side projecting portions

th thickness of header (solid across all panel stringers) {
y moment arms used in neutral axes calculations

y' half-thickness of parallel plies outside critical plane for rolling

shear (see QS and A above)

v distance from neutral axis to bottom extreme fibre (calculated in 75

both deflection and bending moment calculations for neutral axis) |

U ductility ratio (maximum to elastic deflection, of a selected point, f

usual at mid-span or mid-height) E
Al-27
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Appendix A2

PLYWOOD STRESSED-SKIN PANELS (TWO-SIDED) AS BEAM-COLUMNS

Design

In the preceding Appendix A1, a design procedure, useful stresses,
and typical designs uere developed for plyuood stressed-skin pan-
els (PSSPs) and their estimated ultimatescollapse strength capacity for
lateralstransverse (blast) loads. Such panels are of considerable
interest to the overall purposes of the project work because abundant
supplies of wood for stringers and plyuocod for skins are available in
local lumberyards. Thus their potential is high for use in expedient
upgrading of existing basements for shelter against the combined effects
of a nuclear ueapon detonation. These panels are treated in Appendix Al
in terms of their usefulness as closures, that is to resist transverse
blast loads. The purpose of this appendix is to develop procedures for
use of such panels as beam-columns, that is to resist axial (hlast)
loads, without or combined with transverseslateral (blast) loads.

The basic references of Append x Al also contain information perti-
nent to beam-column design, or simple column design alone [1(sec.3),2].!
The formula provided for the latter is

Pa = 3.619 (Elg) s £2 ()
or

Pa = FcA (2) ;

whichever value is less, uwhere?

Pa = allowable axial load (lbs), if axial leoad only exists

(Elg) = stiffness factor for moment deflection [1(Sec.2.4.3)]
(lbs~in.2 for full panel)(from Step 4, Appendix A1)

R = clear span of member (simply-supported/pin-ended)(in.?

' Brackets are used herein to indicate sources in the References list at

the end of this appendix.

2 variables are defined herein at point of first use and in Notation at
end of appendix.
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Fe = allouwable compressive stress (parallel to grain) for plywocod
skins (psi) [2(p.17)], corrected for buckling [1(Sec.2.5.4)]

A = total x-sectional area of longitudinal grain material in
both plywood skins and stringers (in.?)

The interaction formula provided for beam-columns is

P/Py + (M/S) /7 Fe €1 3)
where

P = allowable axial load (lbs), under combined loading

M = allowable bending moment (in.-1b), under combined loading

S = In/c¢C
in which

S = section modulus of full panel (in.3)

In = bending moment of intertia of full panel (in.")

c = distance from N.A. (bending) to extreme fiber in compression

Gin.)

talculations of 1, and ¢ (or ¥) are shouwn in Appendix Al, Figure 3, and
Steps 7 and 8.

Assuming that the authors of References [1 and 2] used theory
including a solid, rectangular cross-section column, then I = bd3/12.
Using this for Ig and solving Equations 1| and 2 for F¢ (also recalling
that r2 = I/A) leads to

Fe = (0.3016 E) 7 (&sd)% = (w?E) 7 (2.727(8/r)2)

where
g = gross moment of inertia of cross section (in.")
b = least dimension of solid rectangular cross section (in.)
d = greater dimension of solid rectangular cross section (in.)
r = radius of gyration (in.)
E = modulus of elasticity (psi)

The equation’s left form is found in Reference [3(p.15 and 65)], under
simple solid-column design, indicating that the assumption above is cor-
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rect. The equation’s right form is Euler’s equation [4(Eq.3 and 14)) in
one of i1ts many forms. Euler’s equation is suitable for simply-sup-
ported/pin-ended long columns at ultimate (not allowable) load; 1t 1s
non-conservative (4] when applied to columns with &/r less than about
150,23 a value much too high for the uses contemplated herein; and the
above constant, 2.727, is a factor of safety.

The serious concern Wwith using the foregoing for blast loads is
that various approximations have been introduced that can be collec-
tively tolerated because of the allowablesworking stress approach for
normal uses. MHhere one is dealing uith collapse strength of a column or
beam-column, the design approach must take dynamic buckling directly
into account and must consider deflection, usually at mid-height, caused
by all loads, plus initial eccentricity if i1t is known or can be esti-
mated. Thus it was concluded that a beam-column design approach should
include iteration touward an estimated total deflection from all sources,
i.e., initial eccentricity if any, as well as deflec*ion from moments
due to transverse and axial loads.' The following design approach
includes such iteration; it comes from Reference [4(p.5-42, Eq.18)], and
is converted to PSSP Notation (Appendix Al and herein). Henceforth

Fe = P/A + (M + Py)(cslpy) (4)
where

1

maximum moment caused by transverse loads only (in.-1b)

”max

y deflection of column at M (in.)

The referenced source suggests iteration toward a final value for vy,
using for a first trial value that from M alone5 in the right-side sec-
ond term of Equation 4. An approach to performing the suggested i1tera-
tion tollows, using the simply-supporteds/pin-ended member assumption
stated earlier.

From Reference [6], for transverse loads® (and modified to Notation
herein):

Pm L7 22 7/ 8 (5)

Mmid- ht

mid-ht = 5 pm 27 &Y 7 (384(EIn)) (6)

3 Meaning, for a rectangular column cross-section, f/d less than about
43 (but it’s about 24 per Ref.[3]},p.65).

Y An iterative numerical method for analyzing a beam-column is availahle
[5(App.A,p.6-160)].

5 That is, with P = 0.




where
Ymid-ht = deflection of column at Myy;x« (transverse loads only)(in.)
Thus, for combined transverse and axial loads:
Ymid-ht = 5 22 (Mpid-ht *+ Pay) 7 (48(Elps)) (7)
where
Pm = smallest of calculated allowable transverse (only) loads
(in PSSPs, calculated loads for: deflection, bending moment,
rolling shear and horizontal shear) (psi) (from Appendix Al
design of PSSPs)
Ymid-ht = deflection of column at M (in.)

L7 = width of PSSP skins (perpendicular to stringers) (in.)

(Eln) = stiffness factor for bending moment [1(Sec.2.5.3)] (lb-in.?
for full panel) (from Step 8, Appendix A1)

y = trial y at mid-height

For examining locations other than at mid-height of the (prismatic)
beam-column, similar equations to Equations 5 to 7 would then be [6]:

My = pmk’x (£ - x) 7 2 (8)

Vx = pml/x (23 - 28x2 + x3) 7/ (24(ElL)) (9)

yx = (My + Pay) (RZ + &x - x2) 7/ (12(E1,)) (103
where

X = location being examined (length along member) (in.)

The overall design approach just described should be applied with
due regard to variation in units: some of the parameters are for full
panel uwidth, some uwould usually be applied to desiyn of a one-inch uide ﬂ
strip of panel. All units, therefore, should be checked for values )
appropriate to one width or the other. All formulas herein are dimen- g
sionally consistent; there are no dimensions hidden in constants. g
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A, Desiqn_Procedures

Steps in the design procedure follow.

1. Assume a trial section and clear spansheight (in direction of
stringers); see Figure 1A, Appendix Al. Use only stress-graded string-
ers, uwith face grain of both plywcod skins parallel to the stringers.

‘ Plan connections to PSSP such that loads are only axial, on pinned ends,
| with or without uniformly distributed transverseslateral loads.

; 2. Same as Step 2, Appendix A},

{ 3. Calculate A as in Step 3 and Figure 2A, Appendix Al. i

4-6. Same as Steps 7 through 9, respectively, of Appendix Al. The ¢ 5
value needed later comes from Step 4 (either ¥ in Figure 3A, Appendix
A1, or the actual PSSP thickness minus y, probably the latter but cer- k

tainly whichever value is for the compression side). i

At this point, values for the following variables used in this
appendix are known: A (from Step 3), ¢ (4), (EIp) (5), Fe¢ (6), I (5),
2 (1), and &7 (V).

7. Set M = 0 and Equation 4 becomes:

Fe = Pas/A + Paley/1p) or Py = Fc 7 (/R + cyrslyp) (112 :
From Equation 2:

Fe = Py 7 A (123 |

Whether vy 2 0 (with trial design F¢ held constant), the P, of Equation
12 will be 2 the P45 of Equation 11, thus Equation 11 is used below.

This P, is the maximum allouwable axial load, applied when M = 0 (i.e.,
transverses/lateral load 1s zero).

8. Set M = 0, then iterate on trial y, using as a minimum values
eccentricity (in.)

y = 0.061 £ / d’

where

d” = depth of PSSP stringers (in.)

then solving Equation 11 for P, and Equation 7 with trial y value on
right; repeat until y values on right and left sides of Equation 7 are
equal or acceptably close (say 1% to 5%). i

9. For combined transverse and axial loads, the PSSP must first be
investigated, using Steps 1-14, Appendix A1, to find pm, the peak tran-
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|
|
|
;

sverse load capability with Py = 0; 1f a dynamic loading pgm value was
found, 1t must be corrected to an equivalent static load pp:

If the PSSP is one of those pre-designed and shown in Appendix Al,
1ts pdm value may be read from Figures 5-7 there, as the air blast peak
overpressure (psi). Houwever, such pg, 1s based on the Design Stresses-
Blast . . . section® of the appendix, which includes use of p = 2 and a
step pulse, meaning that the static equivalent pn, i1s 4/3 the chart value
Pdm (still with design stresses greatly increased over those for normal,
not blast-resistant, use). A value for jt and blast desiyn stresses in
beam-columns, in contrast to normal-use design stresses, are discussed
in the next section.

Subscripts for mid-height will be dropped from here on, for conven-
ience; the PSSP should be prismatic and with negligible initial eccen-
tricity,’ therefore all M and y values will be for mid-height (mid-
length) for a vertical (horizontal) beam-column.

10. Solve fquations § and 6 for M and related y, when P = 0.

From Step 8, values of P; and related y, when M = 0, are knoun.
Thus the two extreme values of transverse or axial load capacity, with
their related mid-height/mid-length deflections, are known at this
point. These unique values Will be identified as Mpyx (or 1ts related
pm of Step 9) and Py in the steps belowu.

11. Assume: a value for P betueen P, and zero, and a first trial
value? for y proportional to those found in Steps & and 10 (for P, and
for P = 0, respectively).

12. Solve Equation 4 for M:

M= (l,7¢c) (Fec - P /7 R) - Py, but ¢ (Mpax - Py) (13)
13. Solve Equation 7 using the trial y an the right side. Compare the
left-side y, found from solving Equation 7, with the trial y used. 1If
the tuco y values are not in acceptable agreement (say, 1% to 5%), use
the left-side value as the neu trial value’? of y and repeat Steps 12 and
13; otheruise, proceed with the next design step.

14. Find allowable p’y related to the final M of Step 12:

P’m = (Mistep 12) 7 Mmax) Pmictep 9) (14)

¢ Includes, at the end of that section, a definition of step pulse and
the basic relationship pgm = pPm (1 - 1/(21)). It follows that
Pda = Py (1 - 1/(211)), but p will usually be different in the two
uses: (1) lateral loads only; or (2) axial loads only, or axial and
lateral loads.

7 But using not less than the minimum eccentricity value of Step 8.
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(This allowahble p’m could also be found using Equation 5 with the final
M of Step 12, or Equation 6 with the final left-side y of Step 13.)

15. With allowable P (Step 11) and p”"m (Step 14) known, one pair of
pertinent values for the assumed trial section PSSP has been {found,
besides the two pairs of extreme values (Step 10). Other pairs ot val-
ues are ‘ound by repeating Steps 11-14. To complete the design, a new
trial section(s) may have to be assumed, repeating Steps 1-14.

B. Design_Stresses (Blast versus Normal lLoads) and Ductility

The user of this appendix 1s referred to a section with the same
title, appearing 1n Appendix Al; the information there is applicable to
this appendix except for the last paragraph, which deals with a value
for the ductility ratio n.

For a value of the ductility ratio u for beam-columns, p = 1 1is
recommended for use because of buckling considerations. Increases of
normal-use stresses are those already recommended for adoption.® If a
step pulse (defined in the Appendix Al section) is appropriate, then the
footnote to design Step 9 applies, thus Pgy = Py/2 (Pgq = P/2) and
Pdm = Pm’2 (P dm = P 'm72); Pdm OF p’dm is the allowable load from peak
exterior blast incident overpressure on the PSSP, and pp or p’pn 15 the
pseudostatic uniform load capacity, respectively.

1t is possible that a significant rise time should be applied to
the axial blast load but probably not. Houwever, the transverse blast
load occurring inside a basement shelter is very likely to have & sig-
nificant rise time as well as a significant reduction in peak value from
the blast peak exterior incident overpressure, due to room filling.? It
a rough approximation must be suggested it would be that pdm = Pa
(p’dm = P m’) where only human-size dooruways and typical basement windous
constitute the apertures;: large openings would indicate use of pdm = Pm
times 374, even approaching 1/72. This suggested approach attempts to
consider both lengthened rise time and reduced peak value of overpres-
sure in terms of that incident on the basement’s exterior.

8 See Appendix A1 section with same title as this one: multiply normal-
use fp, Fy, and F¢ values by four, but not F¢, or £ values.

9 See published guidance on design of combined nuclear weapons effects
shelter in planned (new) basements, References [5 and 7], especially
the latter’s Appendix E appearing in Volume 3; the same Appendix [,
written by J. R. Rempel, a colleague, was published in an earlier
report, Reference [8]. The Appendix E technique was used to produce a
short section and two desigh graphs [7 and 8 (p.8-112 to 8-114)] giv-
ing maximum interior pressure and time to reach such pressure, both in
terms of V/A {room volumerstotal aperture area).
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Applications

The computer program used (for PSSP design cof “beams/slab’” type mem-
bers) 1in the earlier publication of Appendix Al, was updated to add
beam-column and column PSSP design. Table A2-1 shows a listing of the
program, as well as a sample problem. The program listed does not auto-
matically increase normal-use design stresses® (they must be entered
with multiples, 1f any, already included by the user), and it does not
include the dynamic factors for blast loads (section B above, second
paragraph).
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The PSSP designs in Table A2-2*show the results of using the com-
puter program (Table A2-1) for columns and beam-columns. These results
include use of the recommended increases in normal-use design stresses®
and use of the recommended dynamic factors for blast loads (section B
above, second paragraph).

An illustrative example is shoun on the page following Table A2-2.

:
|
|

* Prepared by J. E. Beck of James E. Beck and Associates (subcontractor).
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Table A2-2A PSSP DESIGNS FOR LOWER STRENGTH STRINGERS {F, = 280 psi)

(Columns and Beam-Columns)

48 1in.

Panel Width
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For full lateral load and zero axial load; use 20% axial load (i.e., Py = 0.2P4,). Reduce required

*

bearing lengrh (each end) with larger axial loads, varying in accordance with change in pg, values;

use minimum of 2 in. each end, however. For example, using data for 1/2 in. #3, 2x4s, 4-stringer, 7-ft long

PSSP, and axlal load = 0.6P4,: required bearing length each end is 4.5(0.7/1.1) = 2.9 in, each end.

The bearing length values were obtained from Table Al-1A.

# Pga is the maximum axial load, that is, when lateral load, pgy = O.
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Table A2-2A (Concluded)
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NOTATION

total x-sectional area of longitudinal grain material in both
plywood skins and stringers (in.2)

least dimension of solid rectangular cross-section (in.)

distance from N.A. (bending) to extreme fiber in compression(in.)
greater dimension of solid rectangular cross-sectio fin.)

depth of PSSP stringers (in.)

modulus of elasticity (psi)

stiffness factor for moment deflection [1(Sec.2.4.3)] (lbs-in.2
for full panel)(from Step 4, Appendix A1)

stiffness factor for bending moment [1(Sec.2.5.3)] Ilb-in.Z for
full panel) (from Step 8, Appendix A1)

allowable compressive stress (parallel to grain) for plyuwood
skins (psi) [2(p.17)), corrected for buckling [1(Sec.2.5.4)]

gross moment of inertia of cross-section (in.%)

bending moment of intertia of full panel (in.%)

clear span cf member (simply-supported/pin-ended)(in.)

width of PSSP skins (perpendicular to stringers) (in.)
allowable bending moment (in.-1b), under combined loading
maximum moment caused by transverse loads only (in.-1b)
allowable axial load (lbs), under combined loading

allowable axial load (lbs), if axial load only exists
dynamic (blast) load value related to P (lbs)

dynamic (blast) load value related to Py (lbs)

smallest of calculated allowable transverse (only) loads (in
PSSPs, calculated loads for: deflection, bending moment, rolling
shear and horizontal shear) (psi) (from Appendix A1 design of

PSSPs}

dynamic (blast) load value related to pm (psi)
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NOTATION (concluded)

P’m = an intermediate value between p, and zero (psi)

P’ dm = dynamic (blast) load value corresponding to p’a (psi)

r = radius of gyration (in.)

S = gsection modulus of full panel (in.3)

b = location being examined (length along member) (in.)

y = deflection of column at M (in.)

v = deflection of column at Muax (transverse loads only (in,)

11 = ductility ratio = xp /7 xe (see Appendix A)
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Background

Appendices Al and A2, in their early paragraphs, describe plywood
uses toward meeting the need for expedient aperture closures and added
overhead floor system supports, respectively, in the upgrading of exist-
ing basements for shelter use against the combined effects of a nuclear
weapons detonation. This Appendix A3 closes the area of plywood applica-
tions by describing a design approach for simple use of plywood for

closures, especially over those many shelter openings having a rather

short span in at least one of its two directions.

Approach

Use was made of two publications and telephone discussions in
developing a design procedure for use of plywood to close apertures in
existing basements. The tables of the simplified publication2 could not
be reproduced through use of the design manuall procedures; requested
clarification brought the recommendation that the latter be used for the

purposes contemplated herein.3

As before, in Appendices Al and A2, design formulasl(pp'22_3’sec'4)

were converted to the Notation herein and made dimensionally consistent,
The revised formulas follow; plywood weight is ignored as dead load, and

single spans, uniform loads, and simple supports are assumed.

The user is cautioned to apply care in units used in entering all

values in the equations below; all equations are dimensionally consistent,

i.e., there are no units hidden in the constants.

A. For uniform loads based on allowable bending stress:

2
P, = 8 F.S /L (Eq.A3-1)

*
where

Py = allowable load - bending moment (psi)

Fb = allowable bending stress (psi)

* Variables are defined herein at point of first use and in Notation at
, end of appendix.
+ In Eq. A3-1, clear span can be used (per Reference 3 fonecon of 1/6/78).
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S = effective section modulus (in.3/in.width)

{ = clear span (in.)

B. For uniform loads based on allowable rolling shear stress:

Py = 2 Fs (Ib/Q) / ¢ (Eq.A3-2)
where

P, = allowable load - rolling shear stress (psi)

Fs = allowable rolling shear stress (psi)

(Ib/Q) = rolling shear constant (in.z/in. width)
£ = clear span (in.)

The useful allowable load PL then becomes:

Py = P O P whichever is smaller (psi) (Eq.A3-3)
C. For bending deflection (elastic) under uniform load:

yy = b0/ (76.8 1 (1.1 B)) (Eq.A3-4)*
where

Yp = bending deflection (elastic) under uniform load (in.)

I = effective moment of inertia (in.a/in.width)

E = modulus of elasticity (psi)

D. For shear deflection (elastic) under uniform load:

y, = p,Ct’t’ / (106 ED) (Eq.A3-5)
where

Yo = shear deflection (elastic)under uniform load (in.)

C = 120 or 60, for panels applied with face grain perpendicular

to or parallel to supports, respectively.

t = nominal panel thickness (in.)

E. For combined bending and shear deflection (elastic) under uniform

load: either (a) add 28 and Vg from Equations 4 and 5; or (b) use

Equation 4 only, but with the constant 1.1 dropped from the equation.

* Modified very slightly as to € from Ref, 1, for simplification and
because of negligible effect on the uses made of deflection calculations
herein,
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F. For plywood face bearing under uniform load (at ends over simple

supports):
Le =4/ (2(Fcl/pm - 1)) (Eq.A3-6)
where

{é = required plywood (face) end bearing length at each end of
panel (in.)

F , = allowable bearing stress on plywood face, for load perpen-
dicular to plane of outer ply actually in bearing (psi)

It is recommended that {é be at least 1.5 in.

Design Procedure

The suggested design procedure consists of the following Steps:

1. Assume use of a particular plywood type, grade, nominal thickness t,
and face ply(ies) species group (pp. 9, 14 and lS)Jr except that the
latter must not be #5. Also assume that panel is uniformly loaded and
simply supported,# and assume value for span € (in.).

Neglect the plywood weight as a DL.

2. Determine values (p. 16)T for I, S (=KS), and (Ib/Q), taking care
to correct the units to in.b, in.3, and in.z (all per in. width), re-
spectively. Take care to use proper values for plywood used with the
face grain running parallel to the span (cols. 5_7)+ or perpendicular to
the span (col. 9-11),+ as well as the appropriate tabie (1 or 2)T and
section (Unsanded, Sanded, or Touch-Sanded Panels).* If permitted by
available supplies, plywood panels are used with the face grain running
parallel to the span, which takes advantage of the stronger direction of

the plywood.

t See Reference 1l; it is necessary that the designer hold this reference.
1 On two opposite sides; but Step 7 extends the procedure to plywood
panels supported on four sides.
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3. Study the plywood data (p.14)* and select appropriate use condition
(Wet or Dry) and grade stress level (S-1, -2, or -3). Determine values

(p. 17)* for Fp» F_, F1, and E (all psi).

4. Solve Equations 1-3 for Py Pgs and P respectively.
5. Solve Equation 6 for Le'

6. If deflections are needed or desired, either:

(a) Solve Equations 4 and 5 for Y and Ygs respectively ; then
Yy =¥, tygsoox

(b) Solve Equation 4 with the value 1.1 deleted on right side;
then y = Yp*

7. For plvwood panels supported on four sides, the procedure is as
follows:2,3

(a) Complete Steps 1-4 and 6 for each span direction, finding Py
and y for each direction;

(b) Reduce the Py value associated with the larger y, by multi-
plying that p by the ratio of the smaller y to the larger y.
The two y values will then be equal, and the total capacity
Pm Of the panel supported on four sides will be the sum of
the p, just reduced and the unchanged p; associated with the
smaller y of Step 7a; use the latter two pp values to find Le
in each direction (Step 3).

Design Stresses - Blast Protection Use versus Normal Use

An Appendix Al section with the same title applies fully herein,
excepting that v = 3 is recommended for this appendix; thus, Pgm =

(5/6) P, and Fb and Fs (but not Fcl and E) are multiplied by four.

Typical Designs of Plywood Panels as Closures

Data in the preceding sections have been used to prepare the
typical drsigns of plywood panels as closures shown in Tables A3-1A, -1B,

-1C and -2. Computer programs used are listed in Table A3-3 of the
original publication but not extracted herein.

* See Reference 1; it is necessary that the designer hold this reference.
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Table A3-1A  PLYWOOD PANELS AS CLOSURES (ONE-WAY) !

Plywood panels considered herein are each stamped with American Plywood Associa-
tion (APA) Type (Interior or Exterior), Grade and, in most cases, with Face Ply
Species Group(s) (the latter exception 1s discussed further below), as follows:

Table A3-1B&C

Plywood Type and Grade Block Nos.
*
C-D INTERIOR (APA), wusual: 3,11
If "interior with exterior glue" is specified: 2,10
UNDERLAYMENT INTERIOR (APA), usual: 8,16
If "interior with exterior glue" is specified: .
C-D PLUGGED INTERIOR (APA), usual: 8,16
1f "interior with exterior glue" is specified: 7,15
2.4.1 STURD-I-FLOOR INTERIOR (APA), with veneer inner plies only 17
APPEARANCE GRADES (Interior) (APA), usual: 6,14
If "interior with exterior glue" is specified: 5,13
C-C EXTERIOR (APA)* 1,9
UNDERLAYMENT EXTERIOR (APA) 7,15
C-C PLUGGED EXTERIOR (APA) 7,15
2.4.1 STURD-I-FLOOR EXTERIOR (APA), with veneer inner plies only 17
APPEARANCE GRADES (Exterior) (APA),T with Surface A or C,
face & back: 4,12
With Surface B face or back: 5,13

* TFace Ply Species Groups are as follows: When stamped 24/0 on 1/2 in. (13 mm)
thick plywood, Group 4; 32/16, Group 1; on 3/4 in. (19 mm): 42/20, Group 3;
48/24, Group 1.

t Generally applied where a high quality surface is required; includes N-N, N-A,

i N-B, N-D, A-A, A-B, A-D, B-B and B-D INTERIOR (APA) Grades,

I Generally applied where a high quality surface is required; includes A-A, A-B,

? A-C, B-B, B-C, HDO and MDO EXTERIOR (APA) Grades.
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Table A3-1B PLYWOOD PANELS AS CLOSURES (ONE-WAY)*
PLYWOOD (SIDE-ON) PEAK AIR BLAST OVERPRESSURE VS. CL, SPAN
Nom, Grade|Face
Block | Th. | Surface|str.|Ply Clear Span, in.
No. in, Finish |Levellcrp | 4 6 8 10|12 14 16 18|20 22 24 26 |28
1 1/2  UNSANDED| S-1 1 3121 15 11| 8 6 psi
23031 21 12 8| s
4 131 20 11 71
2. |1/Z  UNSANDED| S-2 1 31 21 14 9] 6 5
2,303 18 10 7} s
4 |31 17 10 6
3. |1/2  UNSANDED] S-3 1 28 19 14 9] 6 5
2,328 18 10 7] 5
4 128 17 10 6
4. |1/2  SANDED | s-1 1 36 24 18 12| 8 6 5
2,336 23 13 8] s
4 36_22 12 8] 5
5. |1/2  SANDED | S-2 1 % 24 15 10 7 O
2,313 20 11 7| 5
4 36 18 10 7] 5
6. |1/2  SANDED | S5-3 1 32 21 15 10| 7 5
2,332 20 11 7] 5
4 18 10 715
7. |1/2  TOUCH-S.| S-2 1 31 21 16 10| 7 5
2,3031 20 11 7| 5
4 31 19 30 71 s
8. |1/2  TOUCH-S.| 5-3 | 28 19 14 10| 7 5
2,3128 19 1t 7| 5
4128 19 10 7]°5
9. |3/4  UNSANDED| S-1 1 50 33 25 20|15 11 9 7] 6 5
2,350 33 24 16l11 8 6 s
: 4 50 33 23 15|10 8 6 5
10. | 3/4  UNSANDED| 5-2 1 S0 33 25 18|13 9 7 6] 5
2,315 33 21 13} 9 7 5
4 s0 33 19 12| 9 6 5
11. |3/4  UNSANDED| S5-3 | 45 30 23 1813 9 7 6] 5
2,3]45 3% 21 13] 9 7 s
4 45 30 19 12| 9 6 5
12. |3/4  SANDED | s-t1 1 S8 39 29 2014 10 8 6] 5
2,3]58 39 22 waflo 7 5
4 58 37 21 131 9 7 5
13. |3/4  SANDED | 5-2 1 58 39 26 17|12 8 6 5
2,3]58 33 19 12| 8 6 5
4 58 31 17 111 8 6
14 374 SANDED | S-3 1 53 35 26 17|12 8 6 5
2,3]53 33 19 12| 8 6 5
4 53 31 17 111 8 6
15. |3/4  TOUCH-S.| S-2 1 51 3 25 17]12 9 7 5
2,3]s51 3% 20 13] 9 6 5
4 50 33 18 12| 8 6 5
16. |3/4  TOUCH-S.| S-3 1 46 31 23 17|12 9 7 5
- 2,346 31 20 13 9 6 S
4 46 31 18 12] 8 6 5
17, ] 1-1/8 TOUCH-S.] 5-2_ -3 52 39 31125 19 14 11] 9 8 6 5] 5

Face ply grain running in span direction (i.e., perpendicular to the two supports).
Required bearing length at each end (beyond clear span) is 1% in, (38 mm) in all cases.
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Table A3-2 PLYWOOD PANELS AS CLOSURES (TWO-WAY)

The purpose of this Table is to provide conversion percentages (increases)
so that the user can use the data of Table A3-1B to obtain over-
pressure versus clear span data for two-way plywood panels (that is,

supported on all four sides of the opening/aperture to be closed).

' This Table is based on using plywood panels with their face ply grain
running in the direction of the shorter of the aperture’'s two clear spans.
, Its results are expressed in terms of the ratio of the longer to the
shorter of the two clear spans; such results are expressed as percentage
increases in overpressure resistance values applied to the values in
Table A3-1B, with such increases related to the BLOCK NUMBERS of the
table.

Recommended support bearing length on all four sides is 1% in.

TABLES A3-1B&C RATIO OF LONGER TO SHORTER CLEAR SPANS

BLOCK NUMBERS 1:1 1.25:1 1.5:1 2:1
1-3 6% 2% 1% *

; 4 -6 23 10 5 1%
7, 8 7 3 1 *
9 - 11 15 6 3 1 ,
12 - 14 47 19 9 3 :
15, 16 19 8 4 1 i
17 43 18 9 3

by

* Less than 1/2%

By A
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120 or 60, for panels applied with face grain perpendicular to or
parallel to supports, respectively

modulus of elasticity (psi)
allowable bending stress (psi)

allowable bearing stress on plywood face, for load perpendicular
to plane of outer ply actually in bearing (psi)

allowable rolling shear stress (psi)

effective moment of inertia (in.A/in. width)

(Ib/Q) rolling shear constant (in.z/in.width)

span center-to-center of supports (in.)
clear span (in.)

required plywood (face) end bearing length at each end of
panel (in.)

allowable load - bending moment (psi)
dynamic (blast) uniform load capacity (psi)
smaller of Py, OF P = static uniform load capacity (psi)

allowable load - rolling shear stress (psi)

effactive section modulus (in.3/in. width)

nominal panel thickness (in.)
deflection (elastic) under uniform load (in.)

bending deflection (elastic) under uniform load (in.)

shear deflection (elastic) under uniform load (in.)




1 REFERENCES

1. Plywood Design Specifications (PDS), American Plywood Association,
1119 A Street, Tacoma, Washington 98401, Revised December 1976.%

2. Plywood Design Manual - Shelving, American Plywood Association,
1119 A Street, Tacoma, Washington 98401, 1975.

3. Personal communications: Author with Wm. A. Baker, P.E., Head,
Engineering Service, Applied Research Service, American Plywood
Association, 1119 A Street, Tacoma, Washington 98401, July 22, 1977;
and with James Elliott of Mr. Baker's staff, August 1, 1977.

-

* An April 1978 revision is now available and can be used; it was checked
to determine the need for any recalculations for this extract from the
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Appendix B1

WOOD BEAM AND COLUMN DESIGN - SIMPLY SUPPORTED

Revision of Appendix B, Design of Wood Beams, Simply Supported, as pub-
lished in:

Murphy, H. L., and J. E. Beck, Slanting for Combined Nuclear Weapons
Effects: BLAST-RESISTANT DESIGN/ANALYSIS WITH EXAMPLES, Stanford
Research Institute! Final Report, for Defense Civil Preparedness
Agency,? December 1974, (AD-A016 631)

.

Murphy, H. L., J. R. Rempel, and J. E. Beck, SLANTING IN NEW BASEMENTS
FOR COMBINED NUCLEAR WEAPONS FFFECTS: A Consolidated Printing of Four

Technical Reports, 3 Vols., Stanford Research Institute? Technical
Reports, for Defense Civil Preparedness Agency,? October 1975. (AD-A023
237)

Murphy, H. L., Uparading Basements for Combined Nuclear Weapons Effects:
Predesigned Expedient Options, Stanford Research Institute? Technical
Report, for U.S. Defense Civil Preparedness Agency?, October 1977.
(AD-A054 409)

! Now SRI International .
2 Now Federal Emergency Management Agency
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; ARppendix B!

! WOOD BEAM AND COLUMN DESIGN - SIMPLY SUPPORTED

! This appendix deals with solid wood used in beams and columns.?3

Wood Beams - Simply Supported

The wood contemplated for use under the design procedures described
herein is structural or stress-graded lumber, which has been carefully
graded in accordance with the standard grading rules for the appropriate
trade association. A complete list of such associations is available;
see Reference [1]* Supplement, page 19. It is urged that all lumber
contemplated for shelter use - specifically, lumber in structural compo-
nents or members whose stress-resisting capability is important to the
survival of shelterees (in contrast to such things as a door cross-brace
that simply holds together the structurally significant members) - be
reinspected and regraded by even poorly qualified personnel using the
appropriate association’s grading rules.

Other items for the designer’s general consideration are:

e The lack of homogeneity in wood members dictates that every
effort be made to design wood structural members so that they
interact in such a manner as to transfer load from a ueaker,
below-standard member to the better members. Examples are:
really good blocking between floor joists; and use of
tongue-and-groove planking as members used flat in a blast door.
This is ”repetitive-member use,” see Reference [1] Supplement,
Table 4A, 4th column.

e Only very tight knots should be accepted in a situation such as
that of an unclad wood shelter blast door where an air blast
loading could make a missile or bullet out of a knot that is
even slightly loose.

3 Beam design chart solutions hereir are for only single-span simply-
supported (SS) beams; correction factors cover multi-span beams (sec-
tion €, page B1-14). The design procedure also covers propped canti-
lever (PC) and fixed-fixed (FF) support conditions.

% Brackets are used herein to indicate sources in the References list at
the end of this appendix.
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e Metal cladding may be indicated for some situations where wood
is used, such as exposure to fires (or uwhere required by local
building code), but not necessarily uhen concern is only about
exposure to a nuclear thermal pulse (which may well char the
door without setting it on fire; the latter is a difficult thing
to do to a flat wood wall).

Because this appendix is intended for use by engineers and archi-
tects, some technical competence in the usual design of wood structural
members is assumed [2,3], and only those design considerations peculiar
to nuclear blast effects loading will be treated . some detail in this
appendix.

Readings/study of Appendix B2 may serve to increase the
reader/user’s understanding of wood design and use i1n upgrading.

A. Design_Procedure

Because wood beams are available in specific dimensions, the gen-
eral design approach is to select a trial member depth (measured in the
direction of the applied load) and width, then find the air blast peak
overpressure it can resist; this overpressure is compared to the speci-
fied overpressure to be resisted. The resistance of the selected member
is based on elasto-plastic behavior and associated stress resistances in
flexure (bending), horizontal shear, and bearing on a support, which
resistances are checked in that order. Specifically, the flexure and
horizontal shear resistances are found, and then a new trial member is
selected, repeating these steps until the lesser of the tuo resistances
is found to be sufficient to meet the expected blast load. The required
bearing area is then found directly.

It is recommended that the beam design procedures and graphs that
follow be used only for L / d values equal to or greater than five (5),
because of doubt that they apply to "deep beams” (L / d less than 5).

The desian_steps are as follous:

(1) A design air blast peak overpressure is specified, also
whether its loading geometry will provide: a side-on overpressure (as
in a wood door mounted flush with the earth’s surface); a fully
reflected overpressure (as in the front wall of a rectangular building);
or a peak value of the average loading caused by a combination of
side-on and drag pressure (as in the side-wall or roof of a rectangular
building) [4,Sec.4.38)]. Related variables, in the same order of loading
geometries, look like this:

Pdm = Pso Or pr or [(pge + Cqgq) L/2U] n

where q is the dynamic (wind) blast pressure (unlike the q for struc-
tural resistance used in the remainder of this section) [4,Table 4.40]).
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(2) A trial size of wcod beam (actual depth d, measured 1in
direction of load, and thickness or width b) and kind of structural or
stress-graded lumber are selected, then the grading association’s design
stresses are determined from their publications [1, Supplement, Table
4A).% Need for the latter may be limited to Fp (extreme fiber stress in
bending), Fy (horizontal shear stress), and F., (compression stress per-
endicular to grain, or bearing stress as used for beams only herein).
For the short duration loadings furnished by nuclear air blast, dynamic
values of the above th-ee design stresses are recommended [5] as fol-
lous:

Fdb = 4Fp 5 Fdy = 4Fy ; and Fye, = Fey

Some grading rules allouw increases in design stress values for such
things as: repetitive-member uses [1,Supplement,Table 4A, fourth
column]; and, members used flatwise [1,Supplement,page 20,paragraph 6].

(3) A design ductility ratio 4 is selected (see discussion in ear-
lier Appendix A, General Comments on Blast-Resistant Design/Analysis
General Approach). A value of 3 is recommended [5], certainly as an
upper limit, and with 1.3 or 2 even better [6].

(4) A short design procedure [5] omits use of any loading decay
(i.e., uses instead an instantaneously applied long duration load, or
step pulse), load-mass factars, modulus of elasticity, elasto-plastic
resistance function per se, etc., all in favor of the following
approach: A step pulse is assumed, which is reasonable particularly
when large yield weapons and short wood beams (therefore having very
short periods of natural vibration) are considered.®é The other th:ngs
ignored have been found to have little effect on the structural member
selected {or most applications; and needed parameters then have the fol-
lowing relationship:

Pdm7q = 1 - (1 7 (2u))

where q is the ultimate resistance to blast loading of the wood beam.
Using the recommended value of p = 3, the equation becomes: pdgm =
(5/6) q.

(5) Span L (center-center of supports) and support conditions are
known or assumed. Formulas are included herein for three beam support
conditions: simply supported (SS); propped cantilever (PC); and both
ends fixed (FF).

S But if a Table B1-1 value for F, is higher (than that given in
Ref. [1]), use it.

6 Alternatives to this use of a step pulse are chart solutions and the
Newmark B Method [7] or (better) the Modified Newmark § Method (by
J. E. Beck) [8,p.6-162].
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]
{ Table Bl-1
]
!

ALLOWABLE HORIZONTAL SHEAR VALUES T, (psi)

Maximum Moisture Content
Unseasoned 19 percent 15 percent

Aspen 85 90 95

Batlsam Fir 85 95 95

Black Cottonwood 70 75 80

California Redwood 115 120 130

Coast Sitka Spruce 90 95 100

| Coast Species 90 95 100
i Douglas Fir—Larch 130 140 145
Douglas Fir—South 130 140 145

Eastern Hemlock—Tamarack 120 130 135

Eastern Spruce 95 105 110

i Eastern White Pine 90 95 100
Eastern Woods 85 95 95

Engelmann Spruce/Alpine Fir 95 105 110

Hem—Fir 105 110 115

tdaho White Pine 95 100 105

Lodgepole Pine 95 105 110

Mountain Hemiock 130 140 150

‘ Northern Aspen 90 95 100
Northern Pine 100 105 110

Northern Species 90 95 100

Northern White Cedar 85 95 100

Ponderosa Pine—Sugar Pine 100 105 110

Red Pine 100 110 115

Sitka Spruce 105 115 120

Southern Pine 125 135 145

Spruce—Pine~—Fir 95 105 110

Western Cedar 100 105 110

Western Hemtock 125 135 145

Western White Pine 90 100 105

White Woods (Western
: Woods, West Coast
# Woods, Mixed Species) 95 100 105

Source: National Design Specification for Wood Construction, 1977 Editiom,
National Forest Products Association, 1619 Massachusetts Avenue, N.W.,
Washington, D. C. 20036; art. 3.4.4.2

Author Comments: Use column of above table that specifies "19 percent"

moisture content. For wood species not shown, consult '"Design Values
for Wood Construction," 1980 Supplement to above Source.




(6) Flexural or bending resistance qp (1n terms of loadszunit area)
1o calcusated for the trial member:

M= wl7c = qp bl?c = Fy, S = Fgp bd2 7 6
qp = FdpldsL)? 7 (6¢) = 2FptdsL)? 7 (3c) (23
where ¢ = 1/8 (SS) and (PC), 1712 (FF).
(7) Horrzontal shear resistance q, (1n terms of loadsunit arca) s
also calculated for the traial mermber, with hori1zontal shear equal to
vertical shear and taken at a distance d tn from each end of the member:

[2¢p.4-12),5(p. 161}

v

w(Ll-2d)c" = ay b(L-2d)c' = 2AF gy 72 3 = 2bdf g4y 7 3
Qv = 2Fgy d 7 (3c"L-2d)) = 8F, d 7/ (3c'(L-2dY) 3
f where ¢' = 172 (SS) and (FF), 5/8 (PC), the latter value beyng approxi-

mate but close enough for the purposes herein. KOE: FQ. 2 ANn 3
IMCLYOF THE MOLTIPLE 4 QF STEP 2.

(3) Llood beam resistance q 15 then equal to the lesser value
betueen qp and qy; q 1s converted to peak air blast pressure by usirn:

Pdm = a (VY - (Y 7 (20))) (4)
or, when the recommended value of p = 3 is used, pdm = (5/0) q.

(9) 1f pgm 18 less than the design air blast peak overpressure
specifired 1n the first step herein, a larger beam, or a dificrent word
or grade having larger design stresses, must be tried. 1f pgn 15 laraer
than the drsign overpressure, then 1t may be desirable to try a cmaller
beam, or a ditferent wood or grade, 'n an effort toward closer dorrgn,
In either case, a new trral memher requires that the desianer return to
the second step and repeat the procedure to this point.

(10) Required bearing length L’ at each

h end of the wood beam 15
calculated as follous:

Vv = gbLc'= Fey bL”
L’ = qLc' 7 Fey (5
vhere the values of c' are the same as in step 7 above. It 15 reconm-

mended that L’ be at lcast 2 inches.

Annther presentation of wood heam formulas 1s given in Appendix B2
(page B2-20).
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Limitations on the above desiyn procedure are stated in the tuo
applications that follow.

B. Anplication_to a Closure (Shelter Daaor) Desian

An application of wood beam design cccurs when low-cost blast doors
must be desianed for shelters, in neu designs or existing structures,
For an application in existing structures, particularly, a pre-design or
chart approach uas needed as follous:

e /n estimate, calculated or judgmental, is made of the blast
resistance of the wall adjacent to an aperture (door or window
opentng) for uwhich a wood blast door is needed. The only
designed structural element will be a wood beam, or series of
wocd beams side-by-side and preferably tonque-and-groove,’? sim-
ply supported on the tuo sides of the door frame (that has been
either strengthened or found adequate to take the load from the
door onto the wall).

e Stress-graded uwood of various kinds (species and grades) in
standard thicknesses® (2, 3, 4 inches, nominal; 1.5, 2.5, 3.5

inches, actual) are checked for availability. See Table 81-2
for several popular woods and their allowable stresses.

a. The pre-design or chart approach developed for simplified han-
diieg of this problem 1s as follows, using solid, multiple wood henms,

crtte -by-sade

(1) Cbhbtain a copy of the industry associration grading rules for
cach kind of wood contemplated for possible use; from this, make a tabu-
latron (for each kind of wood and each thickness) of design ctresses
(ps1) stated for use under normal loadina for:

1€ vt tig (tongue-and-groove), use a light plywood sheet covering on
the blact s-des 1f erther tlu or plywood-covered, “repetitive-me=ber

'

e 11 f design values 1s appropriate [, Supplement Table 44, 4th

colunnl].

Thriknens and width are the terms applied to the smaller and larqger
crens-section dimensions, respectively, 1n the industry [V, Supplement,
pote Z0,parsaraph 610 Engineers use thickness and width the sare uway
nocalurng, but 1n beams they use width and depth as the cross-section
drrensieons perpendicular and parallel to the directron of loading,
rearectively (for example, the wirdih of a beam 1.5”"x3.5” 1n croas-sec-
tron would be 1.5” 1f used edgeuwrse, 3.5” 1f used flatuise (*u the
laoad direction)).
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Table B1-2

SELECTED DIMENSION LUMBER SPECIES, SIZES AND GRADES *
(CONSTRUCTION GRADES)

|
+
! Species
i Douglas Western Western Southern Northern
Eize and Grade Fir- Hemlock Pines Pine Pine
larch (Ponderosa,
Lodgepole,
Sugar, and
Idaho White)
Allowable Unit Stresces in Normal Use, gsx'
Structural Light Framing
(27_to 4" th., 2" to 4 widy)
Stud (2x4s only)  f, 928 800 600 900 725
F s .F 90 .. 70 90 ... 70 .
Fo: 385 280 190 405 280
E (x 106) 1.5 1.3 1.2 1.4 1.1
F 60U 950 400 10 ]
Light Framing '
(2" to 4" th., 4" wide)
Construction T Fy 1200 1050 775 1150 950
F, 95 ./ 90 .. 70 | 100 ..
'cl 385 280 190 405 280
E 1.5 1.3 1.2 1.4 1.1
Fr 1150 1050 [0 1100 875
Standard Fp 675 600 425 675 525
Fy 95 . 90 ... 70 . 90 .. !
Fes 385 280 190 405 280
E .5 1.3 1.2 1.4 1.
¥ 425 850 650 900 7
-
Joists and Planks
(2" to 4" th., 5" and
wider)
No. 1 Fy, 1750 1550 1100 1700 1400
rv 95 ./ 90 .. 70 90 - J
Fet 385 280 190 405 280
1.8 1.6 1.4 1.7 1.4
. ¥ 1250 1150 370 1250 975
No. 2 Fy 1450 1250 925 1400 1100
F, 95 ;- 90 .. 70 . 90 ...
Fes 385 280 190 405 280
E 1.7 1.4 1.3 1.6 1.3
¥ 1050 475 725 1000 B2o
No. 3 Fy 850 750 550 800 650
Fy 95 90 .. 70 90 ..%.
Fel 385 280 190 405 280
E 1.5 1.3 1.2 1 4 1
F‘. 675 625 AH0 (R Yo

* Ia‘blc ivs for vi;:u«lllv stress graded lumber only, used at 19 maximum
moisture content.

t Notation used is: by tor extreme tiber in bending (repetitive member use
Foofor compression parallel to grain, F, for horizontal shears ¥y 1o
compression perpendicular to yraing and b for modulus of elasticity.,  For
dvaamic uses in this report, Fy, Fo. and Fy stresses are multiolied by Cor
o o,

+ F. o values 3o italics are for bending members only: net recommended tor
PSSP striogers.  See SOURCE below, main report not supplemeat o arr. b a0

SOURCE:  "Desiun Values tor Wood Construction,” 1980 Supplement to the 197

tdition ot National Design Specification tar Wood tonstrn tion, Nationed Forest

Products Associition, 1619 Massachusetts Avenue, NoW., washinpton, D (. Jouie,
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® Bending design stress (in extreme fiber), in repetitive-
member use, fyp

e Horizontal shear design stress, F,
e Compression perpendicular to grain design stress, Fg,

(2) Conversion of design stresses to dynamic values (step 2 above)
is unnecessary hereunder; the chart pgns includes this conversion and the
chart is therefore entered directly with the design stresses for normal
loading. Similarly included is the factor (5/6) for pdgm = (5/6) q (per
design steps 4 and 8 above). |Increases for flatuise” use are not
included in the chart pgm (see design step 2 above).

(3) Ffor each wood and thickness, determine the blast resistance in
terms of free-field overpressure:

Enter the table on the page facing Figure B1-1 and read values
A and B, for each pair of values of span L (in.) and (actual, not nomi-
nal) beam depth d (in.).

Enter the left portion of Figure B1-1 with the A and B values
as follows: Use A (at top of figure) with the "curves” for horizontal
shear F, values and read qn (or pdm) on left (ordinate) scale; use B (at
bottom of figure) with the curves” for bending stress Fy values and
read 9, (or pdm) on left scale; use only the smaller value of g, (or

Pdm) read!

(4) For each wood and thickness still of interest, determine the
required bearing length at each end of the wood beam:

Use the fF., value found above and the pgm value just found, 3
and calculate the required bearing length L’ (in.) at each end of the 3
beam, from the following modification of Eq. 5:

L’ = 0.6 pdm L 7 Fey (6)

but not less than 2 in. Strictly speaking, if the beam-ends in bearing
are exposed to the air blast, Eq. 6 should be:

L’ = 0.6 Pdm L7 (FCJ_ = pdm).
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i VALUES OF A AND B FOR FIGURE Bl-1

{
Span d=1.5 in. =2.5 in. =3.5 in. =4.5 in. =5.5 1n. =7.25 in. =9.25 in. =11.2% an.
Ln) A B A B A B A B A B A B A B A TE
. 12 167 104 [§] 8 4] G « 8 0 ¢ ( ( G ( i 1
' 14 136 1T 278 211 0 0 5} ( n 0 8] ( .. ¢ ¢ (
. lu 11% 59 227 1631 U ¢ ¢ ¢ 0 ¢ U u ( « ( ‘
) 18 100 46 192 129 318 242 ¢ o 0 0 ¢ « ¢ ; ' !
20 ) 38 167 104 269 204 ¢ ¢ 0 ¢ G { l { : t
22 79 31 147 86 233 16y ¢ 0 0 ¢ 0 ( ( ( {
24 71 26 132 72 206 142 3CU 234 & o ¢ { u ! ! R
i 26 65 72 11¢ 62 184 121 265 200 o 0 0 ¢ e ¢ r
{ 28 60 1y 1uw 53 167 lva 237 172 324 257 u 7 ( ! !
30 56 17 100 a6 152 91 214 1sn 289 224 (- 8 ¢ f ‘
32 52 0 1% 43 a1 140 80 19 132 262 197 e L ( ( ! !
' 34 4% 13 86 36 13¢ 71 160 117 23y 174 V] 9 U { ( !
) 36 45 12 81 32 121 A3 167 164 220 15F ¢ ¢ G { ) ‘ !
38 43 10 7R 29 113 57 15% 3 204 140 305 243 r ¢ ( ¢
4y 41 y 71 26 106 51 145 g4 1ve 174 284 219 i ¢ ‘ : A
42 £ Yy 6B 2 100 46 134 77 177 114 7h4 1Yy U . ! ;
44 37 8 64 22 9¢c 42 12y 70 167 104 246 171 ¢ 4 ¢ r 3
46 35 761 0 Y0 3y 122 64 197 g5 230 166 ¢ L (
48 33 7 58 18 85 3% 115 Y9 149 88 216 152 314 4k 3 -
50 32 6 56 17 g1 33 110 54 141 Rl 204 140 2%4 278 r r “
52 31 G 53 14 73 360105 50 134 7% 193 130 276 211 L i
54 2y 5 sl 14 74 28 1o 46 1728 Ry 1BA 120 761 146 ! :
56 26 549 13 071 2R84 A3 122 A4 175 112 247 1E2 r s
58 27 q 47 12 &Y 24 y? &0 117 60 157 104 234 176 317 oed
A0 26 4 45 12 66 23 bk 38 117 fA kDY w7 203 158 3l 134
62 25 g 42 11 64 21 €5 35 108 52 153 41 213 146 z84 v
64 25 4 42 16 61 20 82 33 104 4y 146 85 203 13y 271 L0f
66 24 3 41 1t 59 19 79 31 100 4r 141 G 18S 131 sv4 0 Jug :
BB 23 3 400 7 T 57 18 76 29 Ton 24 136 76 187 123 247 e '3
70 22 3 38 Yy 56 17 74 28 93 41 131 72 leU 116 a7 17 3
72 22 3 37 8 54 16 71 26 90 39 126 66 173 116G 277 €3
74 21 3 3R [ 52 19 O A N ) 37122 64 167 1T4 21F 157
76 21 3 35 7 51 14 67 23 8% 35 1ls 61 1Al Yy 21k 146 .
76 2¢ 2 34 7 4y 13 65 22 82 33 114 58 15¢ s 203 13w :
T80 19 72 33 7 48 1 A3 71 —Re 32 11 5% 180 86 184 132
62 19 2 32 I 47 12 62 26 77 360 107 52 146 85 18Y 128
BY) 1y 2 32 645 12 Al 19 7% 26 164 L0 141 Bl o1wdo1ce
! ‘84 18 72 31 3 44 11 SR 1F 73 27 101 27 137 - 77 177 112
: to 18 2 30 5 43 11 £7 17 71 26 Y9 45 133 74 172 1oy
90 17 2 29 5 42 10 56 17 70 25 Y6 43 129 7 167 1c4
T 92 17 2 2 7% 4 14 54 16 g 28 94 T21 12607 A7 162 1(« :
44 16 2 26 5 40 9 53 15 66 23 91 40 123 hS 157 ¥5
yh 16 2 27 L 3y y 52 15 &S 22 89y 36 114 42 143 w2
i EL 16 2 27 7% 38 5 51 14 f3 21 67 7736 116 3% T4y 8%
10t 15 2 26 4 38 5 4y 13 62 20 85 35 113 57  14% t4q
1ue 5 ; 26A 4 37 £ 4R 13 Ap 19 a3 3460111 55 142 &
104 15 1 25 5 36 8 47 7 12 5% 19 &1 "32 108 © 53 13F 78
106 15 1 25 4 3y 7 46 12 56 18 7% 31 106 51 135 7%
1u8 14 i 24 4 3 7 45 12 57 17 78 iC 103 4y 132 72
Tic -~ 14 771 24 3 34 7 45 11 5% 17 76 729 7101 T 4777129 707
» 112 i¢ 1 23 3 32 7 44 11 54 16 74 28 ¢y 45 126 67
114 14 1 23 3 33 g 43 10 53 16 73 27 “«7 44 123 )
116 13 1 23 7 73 32 5 72 10 52 1§ © 71 776 95 47 120 w3 ‘
] 118 13 1 22 132 A 51 16 81 14 70 25 Y3 41 11¢& A1 ;
. 120 13 1 22 3 31 3 41 9 50 14 69 24 91 a0 118 5Y
L 172 1 1 71 3 30 s a0 4 50 14 87 " 24 ¥9 © 3B 113 %7 [
124 12 1 21 3 30 5 39 9 49 13 66 23 88 37 111 55 '
126 1/ i 21 3 79 5 3¢ 9 48 13 65 22 86 36 109 53 ;
128 1?2 "1 20 - 3 29 5 38 8 47 17 T R4 T OBA T 3% 167 51 K
136 12 Y 2 28 5 37 8 46 1Z 63 21 €3 34 105 50 !
132 12 1 20 ? 28 5 37 8 45 12 62 20 81 33 103 48 -1
134 11 1 19 2 ?B 5 16 8 45 71T T RY TTTIT T OBO 3210l 4y 3
136 11 1 14 2 27 4 35 7 44 11 60 19 79 31 99 46
138 11 1 19 2 27 4 35 7 43 1] 59 18 77 30 u7 94
140 11 i I9 2 26 4 34 7 43 10 758 TR OU7ETT 24 T390 T 243
142 il 1 18 2 26 4 34 7 42 10 57 17 75 28 94 42 ¢
144 11 1 18 2 26 4 33 7 41 10 56 17 74 28 93 41 )
In above, A = d / (L-2d) x 1000, and B = (d4/L)2 x (2/3) x 10000 i
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(5) As an illustrative example: Using Douglas Fir-Larch 2x4s (on
edge, solidly side-by-side), Structural Light framing, Stud grade, read
from Tabl 51-1: Fp (repetitive-member use) is 925 psi, F, is 140 psa,
and Fey is 335 psi. Span L is 40 in. center-center of supports. Enter
table facing Figure B1-1 and read: A is 106, and B is 51, Enter Figure
Bt-1 uith A and B and read: for A of 106 and Fy of 140, q,, 1s 19.8 psi;
for B of 51 and Fp of 925, qn is about 9.4 psi. Thus, the q, of 9.4%psi
is the smaller, and pgw of 31.5 psi is the peak air hlast (free field)
overpressure design resistance of this solid door of 2x4s on edge
(assuming that the door frame has been checked and found adequate).?®

Required bearing length on each end of each 2x4 is calculated
using Eq. 6 and Fc, of 335 minus pdm (assuming the blast hits the sup-
porting ends of the 2x4s, as it usually uwould), or an Fe,; of, say, 350
psi: L7 = 0.6 x 31.5 x 40 ~ 350 = 2-1/4 in. bearing length on each end.

(6) The above example assumes that the closure is covered uwith
plyuocd (e.g., 174 in.). I1f not: wuse Fy for single-member use [1,Table
A, third columnl; use a stress multiple of 2.6 (not 4),'% use a p of 1.5
(with same step pulse); and, therefore, read q, (not pygm) when using
Figure B1-1, and calculate pgn = 2.6 (2/3) qn = 1.73 gn. Thus, the sin-
gle-member use applied to the above illustrative example changes the
resulting pgm from 31.5 psi to pdna = 1.73 g, = 1.73 x 9.4 = 16.3 psa.

b. The chart approach is as follows when using beams spaced as _in

floor sirinaers (chart is only for beam widths b of 1.5 and 3.5 1n.,
each spaced at 12, 16 and 24 in. center-center):

Using the same wood beams, span L (40 in.), Fy of 140 psi,
A of 106, B of 51, and F¢, of 385 psi as in the 1llustrative example
ahove, find Fy, (single-member use) of 800 psi [1,Supplement, Table 4A];
enter Figure B1-1 as before and read q, values (g, of 19.8 from A of 105
and F, of 140; g, of 8.2 from B of 51 and Fy, of 8G0) of uhich 8.2 psi is
the lower. The qpn value is stated only for i1llustration; the readers
user should move to the right from finding the intersection of B and Fy
values - finding that the total load TL in pounds per saquare_font of
covering (in normal use) over the spaced wocd beams is: 150 psf TL for
beam width b of 1.5 in. and spacing 3 of 12 in.; 113 psf for
16 1n. spacing; and 75 pst for 24 in. spacing.

? The 1ncrease factor from qgn to pugm 15 3.333. It represents a 100
increase for short duration (impact) leoading [1,s52c.2.2.5.3], another
1097 increace to use up the assumed factor of safety for repetitive-
member use (reader/user may want to reduce this to 307 by bhand calcu-
laticn, 1f no regrading has been done), and a reduction by (5/06) feor
using 1 = 3 (readersuser may also want to reduce this by hand calcula-
tion); thus, the overall factor is 2 x 2 (5/6) = 3.333 . . ., or
Pdam = 3.333 qn.

'0 Representing increases of 100% for short duration (impact) loading
and 307 for factor of safety in single-member use.
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‘ These normal-use design TL values can be corrected for arr

i blast loading by use of a multiple of 1.73 (as wn paragraph (06) just

: above), giving 2060, 195, and 130 pst for spacings of 12, 16, and 24 in,
respectively, as calculated, or such results may be read directly fronm

! the nuter (top and bottom) scales of the right graph, figure 61-1,

>

C. Sunport Conditions Other Than Single-Span Simply Supported (SS)

The foregoinyg deals with single-span beams, on simple (non-moment
carrying) supports (5S). For tuo-equal-span beams on simple supports
(PC), formulas for one span (of the two) are on pages B2-20 and -21,
Appendix B2, using constants for PC. (The formulas for FF conditions
are of little interest to the upgrading sizing herein.)

If the contemplated wond beam use involves one beawm extending over
more than a single span: find g,y and qnb for a single-span beam as
before (i.e., from A-F, and B-F}, respectively); find related py~, and

! Pdmb: and find related TLy, and TLp. Correct these values for multiple-
span beams (with all simple supports) as follows [9,p.5-41]:

2-span 3-span 4-span E-snan
In, Pdm, and TL with subscript b: 1.000 1.250 1.168 1.190
An, Pdm, and TL with subscript v: 0.800 0.833 0.824 0.836

tlce the .ouer value of each: «qn, Pgm, and TL.
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Wood Columns - Simple Supports

The wood columsn contemplated in this design section have square
ends and receivesdeliver loads through well-fitted joints (pot fixed).
(Such conditions are sometimes called pin-ended.) The columns may or
may not have intermediate supports.

Much of the guidance about wood and the wood beam design approach
(both as presented in the preceding section on wood beams) apply to col-
umn design. Accordingly, the column design procedure that follouws is
considerably abbreviated, as compared to the beam design section, and
depends a lot on an illustrative example.

A. Desiqn_Procedure

a. Column (normal-use) design formulas are shoun in Table B1-3.
Note the sketch and use of two different L 7/ d ratios where there i1s an
intermediate support for the weak direction; per Eq. 7, only the larger
L v d value is used further. Use the table facing Fig. B1-2A to get
each needed L 7 d value; enter the table with span L and depth d (both
dy and d; of the sketch in Table B1-3 are termed “depth’” - call them
larger and smaller d’s, and similar for the L’s); read the L / d value.
The sketch of Table B1-3 actually shous a part-column with two sets of
intermediate supports; if only the weaker direction has intermediate
support, £; is the end-to-end column length. 1If the (larger) design
L 7 d value is greater than 50, the selected member and/or its lateral
supports issare inadequate; change member or supports.

Determine the modulus of elasticity E and the design value for
compression stress parallel to grain F¢ for the wood member selected
(1,Supplement,Table 4A); regrading is urged (time permitting), just as
it was for wood beams.

Using Figure B1-2A, enter graph 1 with the F¢ value; go up to
the appropriate E value (or interpolate vertically between the two
curves bracketing the E value), then right to read a value for K (on
scale Uetween graphs 1 and 2). If the design L 7 d value is less than
or equal to K, continue to the right until h*iting the appropriate L ~ d
curve (or interpolate horizontally between L 7 d curves); using the same
Fc (as used with graph 1) go vertically to the Fc line of graph 3 (or
interpolate vertically); then go horizontally to the graph 4 line repre-
senting the nominal (actual) column dimensions; finally, go vertically
to reaa P and Py.

The final P found comes from use of Eq. 13. For P4, multiples
of 2 on Fo for short duration (impact) loading, and 1.3 for a 30% factor
of safety, are reduced by a factor of 0.5 from using a u of 1; thus Py
equals (2 x 1.3 x 0.5) or 1.3 times P.
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Table B1-3

COLUMN FORMULAS - SIMPLE SOLID COLUMN DESIGN [3]
(Pin-ended conditions assumed)

2; and Q=
Distances between points of
lateral support of column in
planes 1 and 2, inches

dy and d2=
Dimensions of column in
planes of lateral support,
inches
For conditions shown in the sketch:

Use larqger of Ly 7 dy and L, » d; as the L 7 d for design 7)
Slenderness ratio L 7 d must be ¢ 50 {8)
For L s d £ 11: F& = Fg¢ (9)
For L » d > 11, but ¢ K:

K =0.671JE / Fe (10)

F&Z = Fe (1 - 173 (L 7 diO") (i
For L s d 2 K: F& =0.3E 7 (L 7 d)? (12)
P = AFZ = bdF (a3
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L / d VALUES FOR FIGURE Bl-2

B1-18

~d (in.)

1.5 2.5 3.5 4.5 5.5 7.25 9.25 11.25
12.¢ 7.2 5.1 4.0 3.3 2.5 1.9 1.6
13.3 8.0 5.7 1.4 3.6 2.8 2.2 1.8
14.7 8.8 6.3 4,9 4,0 3.0 2.4 2.0
16,0 _$.6 6.9 5.3 4.4 3.3 2.6 2.1
17.3 10.4 7.4 5.8 4,7 3.6 2.8 2.3
18.7 11.2 8.0 6.2 5.1 3.9 3.0 2.5
20.0 12.0 8.6 6.7 5.5 4.1 3.2 2.7
21.3 12.8 y.1 7.1 5.8 4,4 3.5 2.8
22.7 13.6 9.7 7.6 6.2 4.7 3.7 3.0
24.0_14.4 10.3 8.6 6.5 5.6 3,9 3.2
25.3 15.2 10.9 8.4 6.9 5.2 4,1 3.4
26.7 16.0 11.4 8.9 7.3 5.5 4.3 3.6
28.0 16.8 12.0 ¢.3 7.6 5.8 4.5 3.7
24,3 17.6 12.6 ¢.8 8.0 6.1 4.8 3.9
30.7 18.4 13.1 10.2 8.4 6.3 5.0 4,1

32,0 19.2 13.7 10.7 6.7 6.6 5.2 4.3
33.3 20.0 14.3 11.1 9.1 6.9 5.4 4.2
3.7 20.8 14.9 11.6 9.% 7.2 5.6 4.6

0 36.0_21.6 15.4 12.0 9.8 7.4 5.8 4.8
37.3 22.4 16.0 12.4 10.72 7.7 6.1 5.0
38.7 23.2 16.6 12.9 10.5 8.0 6.3 5.2

_4v.0 _24.0 17.1 13.3 10.9 8.3 6.5 5.3
41.3 24.8 17 7 13.8 11.3 8.6 6.7 5.5
42.7 25.6 18.3 14.2 11.6 8.8 6.¢ 5.7

... 44.0 26.4 18.9 14.7 12.0 ¢.1 7.1 5.9
45.3 27.2 19.4 15.1 12.4 G4 7.4 6.0
46.7 28.0 20.0 15.6 12.7 9.7 7.6 f.2
.48.0 28.8 20.6 16.0 13.1 9.9 7.t 6.4
49,3 29.6 21.1 16.4 13.5 10.2 &.0 6.6
50.7 30.4 21.7 16.9Y 13.8 10.5 8.2 6.%

..5%2.0_31.2 22.3 17.3 14.2 10.¢ 8.4 6.9
53.3 32.0 22.9 17.8 14.5 11.0 8.4 7.1
54.7 32.8 23.4 18.2 14.9Y 11.3 8.¢ 7.3

_56.0 33.6 24.0 1€.7 15.3 11 6 <.1 7.5
57.3 34.4 24.6 1Y.1 15.6 11.Y 9.3 7.6
56.7 35.2 25.1 1Y.6 16.0 12.1 4.5 7.8

_60.0 _36.0 25.7 20.0 16.4 12.4 9.7 8.0
61.3 36.8 26.3 0.4 16.7 12.7 a.9 8.2
62.7 37.6 26.9 206.Y 17.1 13.0 1C.2 &.4

_64.0  38.4 27.4 21.3 17.5 13.2 10.4 8.5
65.3 39.2 28.0 21.8&8 17.8 13.5 10.6 8.7
66.7 40.0 28.6 22.2 18.2 13.8 10.8 8.9

_68.¢c_40.8 29.1 z2.7 18.5 14.1 11.0 9.1
69.3 41.6 29.7 23.1 18.9 14.3 11.2 9,2
70.7 42.4 30.3 23.6 19.3 14.6 11.5 uv.4

_72.0 43.2 30.¢ 24.0 19.6 14.9 11.7 9.6
73.3 44.C 31.4 24.4 20.0 15.2 1i1.9 9.

i
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b, Ura of the Y5 multiple 15 recermended only +f rearading ae
done . Tf not: 1toas recomended that Pg be tabon oo egnd Yo P s

tvrvarg antart the 397 factur of safely to coaver araiine wrrors andszer
Huch oy hacards,,

Cee o page P2-29 aAppendaix BZ, for a caleculations exomnle of
handlrea o haecd (tatlout shaelding) <ol loads and blast o s,
Cihere are dolrberate but minor differences an sceee af {he detanls,
betueen Appendices B1 and B2, whych are attrabutable to the oeneral
nature ot o1 veorsus the more srccarfrc rature of 82 (Lore basrment she]-

ter for fallout and enly low blast levels.)

C. For checking adequacy of desiraned columnas in terma of therr
ead hearina, and also for some comments on sall or botto~ plate or
design,?” see section C. End Bearing and SillsPfottom Flate

Hhlochyng

Gesvan,” below.

B. Hivoraeal fxample - Besiqn lsing Ficure RY-2
Ae an 1llustrative example: assume 2x15 are to be checked for

their blast copacity 1n use as upgrading columns; Idaho Hhite FPine s
avarlable, for uhich F¢ is 6%0 psy and E 1s 1.2 millicen psy an Standard
arade [1,Supplement p.11; or table on p.B2-16, Appendix B21]; column
herght 0 (L 1s also used in this secticon) 1s 20 an. Using table facing
Figure B1-2A, L 7/ d values are €4 for narrow (weaker) direction (d 1s
1.5 1n.) and 27.49 for wide (stronger) direction (d 1s 3.5 wn.): the
larger L 7 d of 64 controls (Eq. 7). According to Eq. 8, this column is
unusable (bucklirg hazard 1s too great).

The 2x4s can bhe used 1f supported at mid-height, in the ucak direc-
tion, which is one alternative: however, let’s take the other, that 1s,
use a larger column by assuming that 4xds are to be checked instead
(normally, such a great increase would not be called for unless the
designer is way off in his first quess, but poetic licence is taken here
in order to demonstrate the two things that can happen in using bFigure
B1-2). Values for F. and E are uncharged; L » d i1s 27.4 as before.
Entering B1-2A uith Fg of 650 and £ of 1.2 mallion, read K as 29; since
L 7 d is less than K, continue horizontally, interpolating horizontally
betuceon curves for L 7 d of 28 and 206, that is about 374 of the way from
the 25 to the 28 curve (1.4 7 2 = 3/1); go vertically from this interpo-
lated point (about on 0.73 of bottom scale) to Fo of 650 1n graph 3;
tiven horizontally (alorg about the FZ of 470 line) to the specitic line
for dx4 (3.5x3.5) in graph 4 (no interpolating 1n this area!): then ver-
tically to read P as 5.8 kips (5,000 pounds) and Pg as about 7.5 kips
(7,500 peundz).  (From calculations on prge BZ2-28%, Appendix B2: L 7 d
is 27.43:. K is 28.83; FLZ is 472, thus Fés/T¢ tor bottom scale i1s 0.726; P
155,782, fron which Py is 7,517.) "

Y'Y Numerical results are shown to illustrate the work, not to imply a
degree of accuracy in designsanalysis.
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Now, assuming that the wood and grade are Douglas Fir-tarch and
Construction, find Fe of Y, 150 psy and £ of 1.5 million psy from samne
sources as before. Using firaure B1-2A, graph ! (interpolate .ertically
betueen £ curves), find K as 24, meaning that L / d cf 27.4 15 greater
than X, and figure B1-2B must be used (instead of graphs 2 and 3
B1-2A). Using B1-2B, enter with L 7/ d of 27.4 and £ of 1.5 million,
read F¢ as 595; using graph 4 of B1-2A, enter with FZ of 595 and read
(for d4x4s) P of 7.3 kips (7,300 pounds) and Pgq of 9.5 kips (9, 500
pounds}. (Again, from calculations on page B2-28, Appendix BZ: | 7 d
's 27.43 as before; K 1s 24.23; F& vs 598; P 1s 7,327, frem which Py oas
9,625.)

c. End Bearinq and Sills/Bottom Plate Design

a. Adequacy of columns for end grain 'n bearing (top and bottom)
should be checked. The method can be showun by example, using the two
columns in the numerical example of the preceding section; Table B1-4
(fourth column) shows the design value ftor end bearing fq for 4xds as
1,390 psy for the Idaho White Pine and as 2,020 psy for the Douglas
Fir-tarch. MHith the 4x4 (3.5x3.5) end area of 12.25 1n. 2, the tuo exam-
ple columns have end bearing capacities of 17,028 and 24,745 pounrds 14
bearing is through metal plates, and 12,771 and 18,559 pounds 1f on less
rigid materials (wood, concrete, etc.); see the comment along the bottom
of Table B1-4. With the two example columns blast capacities P4 of
7,500 and 9,500 pounds, there is ample end bearing capacity even under
the 75% limitation. Further, the design values Fq of Table B1-4 are
subject to duration of loading factors [1,Sec.2.2.5.3): ncrease the fgq
values by 157 for loads of 2 months or less (as with fallout-shielding
so1l), and 100% for impact loads (such as air blast)! Thus, column ade-
quacy for end grain 1n bearing might be concluded to be generally of no
concern; nonetheless the checks should be made.

b. Sill or bottom plate "”design’” could be complex, 1nvolving as
it does a beam with concentrated loads (the columns, plus foot plates 1
any) and supported by an elastic/plastic/fractiuring foundation (the
usual light, concrete floor slab). Such design 1s considered unwar
ranted for the purposes herein. 1t should be accepted that the floor
slab will cracksbreak up and will be pushed down, under and adjacent to
the bottom plate, should the upgraded floor system over the bascment
receive an air blast overpressure loading; such action absorbs energy.
Recent tests indicate a very high floor slab resistance to column punch-
ing from blast duration loads (see page 18 of main text).

For the added loading of so31l placed on the first floor for
fallout shielding upgrading, it 1s doubted that the concrete basement
tloor will experience anything more than localized cracking, 1f that,
under the following approach:
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Psk

Use a bottom plate consisting of stress-graded selected dimen-
sion lumber (better than, say, utility grade), used flatwise, "2x’” and
at least as wi1de as the greater dimension of the columns (preferably
wider) for a column spacing of 12 in. to 24 1in.

For greater column spacings, use any blocking available under
each column flatwise and perhaps stacked, preferably with the bottom
block wider than just prescribed for a single member bottom plate.

fFor column spacings of, say, 4 ft or more, one should leave
off thinking of - continuous bottom plate as the column spacing grous
larger and take ecourse in use of a grillage under each column; the
basic premise i, to spread the load on the floor slab and underlying
soil.

B1-25




Peak Air Blast Resistance Capacity - Side-on versus_Head-on

Peak applied air blast pressure resistance capacity (psi), deter-
mined above for the particular applied situation (Wwith 1ts design
stresses from the grading association), was just that, as felt by the
structure member. [If the member is used so that the blast wave strikes
it head-on, e.g., as if the member is part of the front wall of a build-
ing struck by the blast wave, then the blast wave is fully reflected,
making 1t equivalent in loading force to a much stronger wave applied
only side-on. To relate these two situations by putting both 1n terms
of air blast peak free-field overpressure resistance (that 1s, out in
the open, unaffected by structures), use the scales belou:

e canreearn

FREE-FIELD OVERPRESSURE (WHEN APPLIED SIDE-ON)

0 0,5 1.0 1.5 2,0 2.5 3.0 3.5 kg/cm?

L o 1 P PO S | R N WY e PO Y PO R t 1 e " PR T

0 ,, w0 2 3 4 50 psi

e prepiepdms putepshespemiyusiepinafuesipsdevtpreepbpdgivabplasy iy e

R 4 6 8 10 12 14 16 psi i
r N T LN AU A y— T M S Y

0 0.2 0.4 0.6 0.8 1.0 1.2 kg/cm2

FREE-FIELD OVERPRESSURE (WHEN APPLIED HEAD-ON OR FULLY REFLECTED)

For example, a free-field overpressure of 45 psi hitting the member
side-on gives the same peak loading to the member as a free-field
overpressure of 16 psi hitting the member head-on/fully reflected.

e
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Fp
Fdb

Fe

Fey

Fdey
Fy

Fdv
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3

Pd

Pdm

Pr

B ik fnnt o UTLLO

NOTATION

are of beam cross-section (in.2)
width of beam (in.)

drag coefficient (= ratio of drag pressure on object to
dynamic/uwind pressure in free field)

dimensionless coefficients

depth of wood beam (in.)

for columns, see figure in Table B1-3 (in.)
extreme fiber stress in bending (psi)
dynamic Fp (psi)

compression stress parallel to grain (psi)
Fc corrected for buckling hazard (psi)

compression stress perpendicular to grain, or bearing
stress (psi)

= dynamic F¢, (psi)

horizontal shear stress (in wood) (psi)
dynamic F, (psi)
column slenderness ratio; see Table B1-3

span length of beam (center-center of supports unless otherwise
indicated) (in.)

column overall length or unsupported length (see Table B1-3)
Gin.)

bearing length at each end of wood beam (in.)

bending moment (in.-1b)

total load (TL) column load capacity (normal use) (lb)
total load (TL) column load blast capacity (1b)

peak (unit) value of applied (air blast) loading (psi)

peak reflected (air blast) overpressure (psi)
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Pso

qb

NOTATION (concluded)

peak side-on (air blast) overpressure (psi)
resistance of member, ultimate (psi)
bending q (psi)

resistance under normal use design (psi)
horizontal shear q (psi)

section modulus (in.3)

shock velocity (air blast) (fps)

vertical shear (lb)

load per unit length of beam (psf)

ductility ratio (of maximum deflection to yield deflection)
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Appendix B2

HOME BASEMENTS UPGRADING IN HOST AREAS!

Introduction

With the advent of CRP (Crisis Relocation Planning) there is con-
siderable interest in upgrading the floor over host area basements, 1in
order that mass may be added to that floor {(commonly soil over a sheet
of plastic film) for fallout protection, perhaps even upgraded enough
for say, 2 or 3 psi peak air blast overpressure protection, in addition
to the added scil for fallout protection.

Commonly such floors are of wood subflooring (and often with wood
finish flooring); carried by wood joists (with cross-bridging or block-
ing); in turn carried on the outer basement walls and a steel beam on a
pipe column{s) running along the long-direction centerline of the base-
ment. The pipe column(s) are supported on some kind of footing to
spread the load, or infrequently on piling.

The prescribed floor live loading for a residential duelling first
floor is, and has been, 40 psf (pounds per square foot) [1(p.5-222)])%
under usual allouwable design stresses [1,2].

All wood members that are depended upon (designed) to carry speci-
fied or calculated loads must be stress-graded by species and type of
member, which data can in turn be used to look up allowable design
stresses [2].

The discussion herein is for a ”typical” basement, that is, one
containing as many commonly-used features as possible; variations are
many!

To discuss each of the structural elements just mentioned:

(1) The flooring must be not only strong enough for the 40 psf
design live load plus the dead load of the flooring, both uniformly dis-
tributed loads, but also strong enough to carry safely (to the joists)
the intermittent concentrated loads, such as that from heavy household

! Support for preparation of this appendix was provided under FEMA con-
tracts with the Center for Planning and Research, [nc., Palo Alto,
California and SRI International, Menlo Park, California.

Z Brackets are used herein to indicate sources in the References list at
the end of this appendix.
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appliances. The result is that the flooring, considered by itself, is
stronger than enough to handle the uniformly distributed dead load and
40 psf design live load.

| (2) The floor joists - say, 2x6 or deeper,? and blocked or cross-

: bridged to prevent twisting along their bottom edges - are supported on
an outer basement wall (along the long side of the basement, so that
joist spans are in the shorter dimension of a rectangular house or of a

‘ rectangular portion of a larger house). Each floor jJoist 1s supported
i also on the steel beam discussed further below, and seldom 1f ever does
one continuous wood joist run from one outer bascment wall to the other

but most often consists of two joists nailed together (for erection pur-
poses, not flexural continuity) over the steel beam. Floor joists are
used at intervals of 12 in. or 16 in. (rarely at 24 in.), measured cen-
ter-to-center. Joist design must also consider (as prescribed by local
building code) concentrated live loads, but the uniformly distributed 40
psf live load (also prescribed) usually controls design because of the
ability of the joist blocking or cross-bridging to distribute concen-
trated and other loads to adjoining Joists. In fact, the joists (and
the flooring materials directly supporting loads) may be totally pre-
scribed by the local building code, thus requiring no design work except
perhaps for prudent checking.

(3) The supporting steel beam" for the floor joists, and its pipeS
column(s) and footing(s):

(a) May carry only its share of the first floor live (40 psf)
and dead (weight of materivals built intoc the bhuilding) loads;

(b) More likely, houwever, the steel beam wi1ll carry directly
above it an interior bearing partition that 1n turn carryes half of the
i1~tal ceiling load and attic load (latter, if habitable, 30 psf live
load; uninhabitable, 20 psf [1]); and,

(¢) Half the roof dead and live loads (latter 1s 20 to 100 or a
more psf, per local building code) are sometimes carried by an attic
bearing partition (or rou of columns) through the first floor bearing
partition to the supporting steel beam under the first floor.

3 Nominal dimensions; actual (finished) dimensions are smaller, i.e., a
2x6 is 17 in. x 5% in. (current) or 1-5/8 wn. x 5% in. (formerly).

Y What is described herein as a supporting steel beam may be, 1nstead, a
built-up or solid wood beam, but such substitution has little effect
on the discussion in and purpose of this report.

5 The most common support; however, another steel shape or a wood mem-
ber(s) may be used.
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Returning to the general discussion: A floor system, especially
one with wood flooring and joists, is designed to mcet both deflection
and strength limits, with deflection often the controlling criterion
(one dislikes walking on a springy floor, regardless of repeated assur-
ances that it is safe). What this means, houever, is that the floor 1s
actually stronger than it needs to be TO CARRY LOADS, that is, to carry
more than the prescribed design live and dead loads and still remain
within safe design stresses. Further, the allouable stresses have
built-in factors of safety that are reduced for unusual loads such as
those from wind and earthquake, so can certainly be exploited for such
an emergency need as supplementing the building’s fallout and louw level
air blast protection. Finally, actual live loads expected to occur are
usually less than prescribed (code) live loads described earlier; for
example, a residential basement converted to a fallout shelter by adding
soil a foat or so deep on the first floor is not apt also to have its
usual live loads (people and furniture) to consider, certainly not to
normal use levels.

Design/Analysis_Annex Work

The Annex shows an analysis of an assumed floor joist system (2x8s
on 16 in. centers) in its usual and an upgraded situation (support added
at mid-span). Other supporting uwork included the design of top beams to
transfer loads from the joists to columns spaced to carry 13 joists per
column, and the designs/analysis of several potential column sizes. The
work and results are described in more detail for each member type in
the following paragraphs.

(1) Annex sheets provide:
(a) Notation used.

(b) A tabulation of design stresses for one lower and one
higher strength, widely available, wood species of two grades each, the
latter to cover Dimension Lumber of tuo sizes: 2 in. to 4 in. thick,

4 in. wide; and 2 in. to 4 in. thick, 5 in. and wider.

(c) A set of wood beam design formulas for uniformly distrib-
uted loads: flexure; horizontal shear; end bearing length required;
and, deflection limits as prescribed by building codes.

(d) A set of column design formulas.

(2) Another sheet (Usual Floor Joist Design) uses the above design
formulas and allowable stresses to develop the allowable clear span for
2x8s on 16-in. centers, uwhen using the lower and higher strength woods
described above. Allowable spans (center-center of supports) proved to
be 11 ft and 13 ft 4 in. for lower and higher strengths, respectively.
The work uses a live load of 40 psf and a dead load of 10 psf.




But concern here is for host area shelter (see lower portion
of the Annex sheet):

First, the deflection criteria may be ignored without
hazard to the structure, uhich in this example increases the allouable
live load for the higher strength wood (keeping the span unchanged);

Second, fallout shielding soil loads might be assumed as
applied for tuo monihs or less, for which the design code allous an
increase of 15 percent in live load;

Third, air blast loads only are impact live loads, for
which the code allows a 100 percent increase (not additive to the above
15 percent!) in live load, to which one might add a 30 percent increase
representing the current estimated factor of safety in wood grading (at
5 percent risk probability); and,

Fourth, combined shielding soil and air blast live loads
may be handled as shown on the Annex sheet.

The approach leaves the residential basement undamaged by
fallout protection, but risks damage if an attack occurs. The last
admonition on the sheet, “re-check adequacy of end bearings,’” may be met
by using Equations 10-12 on the Annex sheet, Wood Beam Design Formulas.

Dynamic factors for air blast are ignored in this appendix,
because it is felt that a home getting less than, say, 5 psi air blast
peak free field loading will feel an interior air blast pulse with a
rise time long enough to make the effect no worse than that from a
softly applied static load of short duration.

(3) The next Annex sheet begins the design wurk by assuming that
these 2x8 joists on 16-in. centers have added mid-span supports
installed feor upgrading; thus the same lower and higher strength joists
have their spans changed tn 5 ft 6 in. and 6 ft 8 in. (both center to
center), respectively. Deflection criteria are NOT used for the emer-
gency purposes contemplated by upgrading work.

The sheet shows the design calculations and results: fallout
soi1l (assuming 100 pcf) shielding capacity alone of soi1l 26.4 in. thick
and 29.4 in. thick, for louer and higher strength woods, respectively;
and, an example combined protection capacity of 12 in. deep so1l (assum-
ing 95 pcf), plus 1.96 psi and 2.36 psi1 blast overpressure (long dura-
tion), with the technique shoun so that other combinations of fallout
and blast protection may be calculated. Required bearing lengths are
also shoun on the sheet.

The adequacy of the flooring materials, to support these neu
total loads, was assumed to be sufficient for the reason stated in para-
graph 1 of the Introduction. Such adequacy should be checked, of
course; the approach for the flooring materials is the same as for any
wood beam examined with the use of the Annex sheet on beam formulas.
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(4) The work included the design of top beams (3 sheets), showing
those with capacities of interest for joist loads of the range encoun-
tered above. Results® of the top beam designs are shown in Table B2-1.
Top beam capacities shown exclude the allowable stress increases (15 and
100 percent) for short duration loads discussed above under floor joist
design; similar increases apply to top beams.

(5) The uwork also covered examination of various sizes of columns
(3 sheets) for their load capacity, with the rectangular, non-square
sizes also checked for capacity uwhere mid-height supports (and at
third-points in some cases) in the uweak direction have been added.
Results are shown in Table B82-2.

Figure B2-1 shous schemes for floor joists upgrading: one with
wood posts at a spacing of 13 floor joists per post, with top beams to
transfer joist loads to the posts; the other with a stud directly under
each joist and using a top (or tie) plate to prevent tuisting of the
bottom edges of the joists. The top (or tie) plate may be unneeded if
the joists have adequate blocking or cross-bridging (and each joist bot-
tom edge has enough bearing area for the top of a stud).

Applications f

Obviously, if one could go into a house and identify fully the wood
floor joist material used (species, size and grade of uwood) and happened
to have a copy of the applicable grading rules (shirt-pocket size for
the particular grading association OR Reference [2] with back editions),
design stresses could be applied as they have been in the preceding sec-
tion and the Annex, leading to analysis of the joists and design of
joist upgrading and of top beams and columns. Such a situation is
unlikely to apply.

An alternate approach might be as described in the following para-
graphs:

(1) Assume that the floor over the basement was built according to
a building code calling for 40 psf live load on the first floor and
allowing 10 psf for dead load (weight of flooring materials and joists).
(Many buildings uwere not built according to code or the code was not
enforced, but many are stronger (especially if ocuner built) and probably :
a lot are weaker (e.g., as in speculative housing built to cut cor-
ners).)

¢ Numerical results are shoun to illustrate the work, not to imply a
degree of accuracy in design/analysis.
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NOTE: See Annex sheets (3), Top Beams, for desipgn method
including required bearing lengths on top and bottom
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COLUMN cAPACTINES

Lower Higsher

i
:' Colirn Capacities o8 vt Tengy in poands:
e column (too Tone ad o sTin, per code)
a2 colunn, o with o nid=ht support: 1848 2305
(reanine lTaterallyv, in weak direction)
K i colurn 5782 7327
Jabocodumn (too lony and slim, per code)
. 2u6 column, with mid-ht support: 3143 4348
do 2x6 column, with 3rd-point supports: 5346 8621
2x8 column (too lony and stim, per code)
e, 2x8 column, with mid-ht support: 4143 5731
f 2x8 column, with 3rd-point supports: 7047 11364
¢.  4x6 column: 9914 13822
h.  4x6 column, with mid=ht support: 13302 22292

NOTE: Above capacities should be reduced for the column's own
weight and mayv be increased for various live load durations
(see Annex sheet 2 of Columns for Upgrading).
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(2) Measure the actual joist width b, depth d, and center-to-cen-

ter span? L of the joist being checked. Also measure the c-c. spacing )

between joists. Use all four dimensions in inches, unless olheruise
indicated below.

(3) Enter Table B2-3, using the nominal b and d (see Table 82-4),
and actual 3 and L dimensions (all in inches, except L 1n feet and
inches here); read the values for € and fy,. (For example: 2x8s on
16 in. centers, span 11 ft 8 in., read E as 1,200,000 ps1 and Fy &as
1,040 psi.) Interpolate as necessary 1f the table doesn’t include the
specific field measurements obtained. 1f the actual b and d measure-
ments agree with the column of Table B2-4 headed ’Actual (older),” mul-
tiply the £ value read in Table B2-3 by the ““Corr. Factor’” shown in
Table B2-4.

As an alternative to the Table B2-3 approach, use the follow-
ing formulas (no "Corr. Factor’”; all actual dimensions, in inches):

E = 15.625 (3 7 b) (L 7 d)3 (psy)
Fpb = 0.26042 (j 7 b) (L » d)? (psi)

Both table and formula approaches assume floor designs based
on 40 psf live load, 10 psf dead load, and live load deflection limited
to 1/360th of the span.

(4) Values for F, and F¢,; (both in psi) can be calculated from the
following:®

Fy = 22.6736 + 71.3296 (£ - 1,000,000)

Fey = -135.76 + 313.498 (£ ~» 1,000,000)

7 Joist span is measured between the centers of its supports, usually a
steel beam doun the basement center and an outer basement wall.

Least squares regression equations shoun were obtained by use of elas-
ticity moduli and allowable stress values [2] for six grades each of
eight species of widely available construction woods: Douglas Fir-
Larch; HWestern Hemlock; Ponderosa, Sugar, ldaho White, and Lodgepole
Pines; Southern Pine; and Northern Pine; all when used at 19 percent
or less moisture content. (Humber of significant digits shoun does
not imply a degree of accuracy in the results.) Range of E values
used was 1.0 to 1.8 million psi: of Fy, 100-140 psi; of Fo,, 190-405
psi. With 36 pairs of values used for each of the tuo equations, the
range of percentage differerces betuween each actual value and value
calculated with the applicable equation was: for F,, 16.9 percent to
-18.3 percent; for F.,, 33.9 percent to -37.3 percent.

B2-10

T T T T T T T e nam—————— )

e et N DT, o

[PINUNELINNE. S5,




Table B2-3

ALLOWABLE SPANS FOR FLOOR JOISTS
(40 psf LL and 10 psf DL)

DESIGN CRiTERIA: Deflection - For 40 1bs. per 3q . live load. Limited to span in inches divided by 360. Strength - Live load of 40 lbs
per sq. I plus devd load of |0 ibs. per sq. ft. determines the required fiber stress vaiye.

Modutus of Elasticrty, “‘E*", in 1,000,000 ps:
SIZE[SFACING g

(L] L) 08 09 THET 12 13 14 15 |16 17 18 1.9 2.0 2.2
! -6 "b10 192 {96 199 T10-0 [10-3 7106 | 10-9 [[To-11]Tt-2 [1T-4 [11.7 [TI-T1
’ 120|720 {780 830 J 890 1940 1990 | 1040 | 1090 | 1140 | 1190 | 1230 | 1250 [1320 | 1410

87 /810 191 J9.4 96 (99 91171027104 [10-6 |10-107
28 | 160|790 |860 |920 | 980 || 1640 11090 | 1150 [ 1200 | 1250 | 1310 | 1360 | 1410 | 1460 | 1550
69 '7.0 17.3 776 179 1701 [82 T84 186 88 181090 [92 |96
240 900 |980 [1050; 1120 [l 1190 |1250 | 1310 | 1380 | 1440 J 1500 | 1550 | 1610 | 1670 | 1780
113 118 [ 12.1 (126 || 1210132 | I3.6 | 13.10,14.2 |14.5 | 148 | 150 |15.3 |15-9
120|720 |780° |830 [ 890 || 410|990 [1040 109()+|x14u 119()41230“17280_1_}270 1410
10-2 1107 T11-0 S 14 s f12.0 1123 T12.7 T12.1001371 1134 113-7 T13.10] 143
2 {160 [T90 (850 920 980 [ 1030 1090 | 1150 | 1200 11250 | 1310 | 1360 | 1410 | 1460 | 1550
811 19-3 797 1911 h102 1106 (109 110 ;113 (105 T8 i1-1i]12.1 [ 126
240 900 980 105()1‘1120 1190 1250 {1310 1'38()11440 1500 1 1550 | 1610 [1670 [ 1780
T34 | 13-11115.5 1 I511] 165 J16.10] 173 117-6 118-0 [ 155 1159 |19.1 |19-5 | 20-1
1120 (720|780 |830 | 890 |!940 990 | 1040 | 1090 1140 1190 | 1230 | 1280 |1320 | 1410 |
13-0 1136 |14-0 ] 14-6 J 14-11115.3 115.8 | 160 | 16.57]|16-9 | 17-0 |17-4 |17-8 | 18.3
210 {160 |790 48504920 980 | 194041090 1150 | 1200 | 1250 | 1310 | 1360_| 1410 | 1460 | 1550
11-4 111-10712-3 [12.8 130 1134 1198 1140 14-4 1147 [ 14-11[ 152 [15-5 115.11
240 {900 1980 [1050 ] 31120 | 1190 11250 | 1310 | 1380 | 1440 [ 1500 | 1550 | 1610 {1670 | 1780
17-5 | 18-1 | 16-9 119-4 [ 10111206 |21-0 1 21-6 | 21-11]22.5 | 22.10] 23.3 | 237 | 24-5

120 720|780 |30 {890 | 940 1‘990# 1040 | 1090 | 1140 || 1190 | 1230 | 1280 |1320 | 1410
15.10116-5 117.0 1177 151 1187 119.1 [19-6 [19:11]20.1 1209 [21-1 {21.6 [22-2
212|160 790|860 920 | 980 || 1040 |1090 | 1150 | 1200 | 1250 [ 1310 | 1360 | 1410 |1460 | 1550

] T79 180 183

13-10{14-4 [ 14-11{ 15-4 || 15-10.16-3 |16-8 | 17-0 |17-5 {17-9 [ 18-1 |18-5 |18.9 [19-4

24 0 900 {980 1050 | 1120 ]l 1190 1250 {1310 ] 1380 | 1440 } 1500 ] 1550 | 1610 [1670 | 1780

'The required extreme fiber stress in bending, F,. in pounds per square inch is shown below each span.

?Use single or repetitve member bending stress values (F,) and modules of elasticity values (E),

YFor more comprehensive tables covering a broader range of bending stress values (F,) and Modulus of Elasticity values /EY, other spaci.g
of members and other conditions of loading. see the Uniform Building Code

“The spans in these tables are intended for use 1n covered structures or where moisture content in use does not exceed 19 percent.

Source: Dwelling Construction Under the Uniform Building Code, 1976 Edition,

International Conference of Building Officials, Whittier, California
90601

Table B2-4
JOIST DIMENSIONS - WIDTH x DEPTH (in.)

Nominal Actual (currentlv Actual (older) & E Corr. Factor

2x6 1.5x5.5 1-5/8 x 5-1/2 0.923
2x8 1.5x7.25 1-5/8 x 7-1/2 0.834
2x10 1.5x9.25 1-5/8 x 9-1/2 0.852
2x12 1.5x11.25 1-5/8 x 11-1/2 0.864
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(5) Plan to install an additional support line under the mid-span
points of all joists. 1Identity the measurements made under paragraph 2
as b for actual width of joist, d for actual depth, j for Joist spacing
center-to-center (c-c.), and change L to HALF the c-c. span measured for
the full, original joist (paragraph 2), all in inches. Calculate the
allowable unit total locad TL on the joists with new mid-span supports as
follows (IL in pounds per square foot (psf)):

TL 154 bdfFy 7 (3 (L-2d))

1)

or 192 bd2fy, 7 (jL2)

whichever is less.

About 10 psf of this TL will roughly cover the flooring mate-
rials, joists, top beam if any, and posts or studs, so that the dead
load OL of 10 psf (approximately) can be subtracted from the TL to
obhtain the allowable live load LL on the floor. The equations exclude
any allowed stress increases for load duration of two months or less (15
percent) or impact (100 percent), or for removing the design factor of
safety (30 percent). Such increases are handled as described in para-
graph 2 of the preceding section, Design/Analysis Annex MWork; the com-
ments there about the adequacy of the flooring to carry the above TL
between floor joists, also apply here.

(6) If p is the total load (pounds) per joist, as transmitted to
the top beam it any, or directly to a stud, it equals the TL (as calcu-
lated, but plus any allowed percentage increases, both as just
described) times the contributory (floor) area, jL; that is:

p = (TL) jL 7 144.

(7) The required Jjoist bearing area, bL’ (actual width b; bearing
length L’/ along joist; both in inches) on the bottom of the joist at
mid-span can be calculated from the following:

bL” :p/FcJ_

with L7 in inches, using f¢, (psi) as that for the joist (paragraphs 2-4
above).

1f the bL’ required by the joist is not provided by the stud
or top beam, a wood block may be needed under the joist (even if the
block crushes under blast loading, it will be absorbing energy), or
recourse to a steel plate may be necessary.

The required bearing area on the top and underside of a top
beam can be similarly calculated, but using the appropriate F¢; value
for the top beam wood; calculation sheets in the Annex also shou the
methods.
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It is assumed that upgrading materials used, presumably
obtained from lumberyards, will be known as to species, size and grade
of wood, and thus that allouwable design values - Fp (both single- and
repetitive-member use), F¢, F¢y, Fy and E - are obtainable from Refer-
ence [2] or the applicable association grading rules. Reference [2]
includes associations’ addresses, and it i1s urged that the rules be
used, time permitting, to verify the grading of each piece of lumber.

(8) Top beams may be omitted by putting a stud under each joist,
using a scab board on each side of the stud-joist junction if both mem-
bers are the same width, or using a top (or tie) plate (Figure B82-1).

1t top beams are to be used, posts should be located under the
tuwo end joists to be served by each top beam. If the post spacing is to
be other than 11 times the joist spacing, a new top beam design should
be prepared by a competent civil engineer with wood design experience.
For post spacing at 1i times the joist spacing, design work has been
done, as reported in the preceding section and in Table B2-1. The fol-
lowing calculations may be used to generalize, based on the column spac-
ing at 13 times the joist spacing ONLY.?®

Four top beam designs (2 sizes, each at tuo strengths) are
shoun in Table B2-1; they may be used as follous:

Top Beam Capacities (1} floor joists per column):

Triple 2v3s, edgewise:®
p = 25.6 F,
Quadruple 2x6s, edgewise:?
p =25.9 F,

with the load-per-joist p in pounds, excluding all add-on percentages
related to load duration and factor of safety.

(9) Eight column designs (all 8 ft long and using "”2x* or *4x”
members) are identified as ”a.” through "h.” in Table B2-2; some may be
generalized as follous (P is allowable axial load in pounds):

a. P = 0.00154 E e. P =0.00319 E
c. P =0.00242 £
b., d., f., g., and h.: Design column, using “Column

Formulas’” of Annex.

9 Checked for joist spacings of 24 in. or less.
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Design values for E and F. should be ohtained as described in paragraph
7 above.

The column capacities in Table B2-2, including those from for-
mulas just above, include no duration of load increases - see NOTE on
Table B2-2.

Adequacy of these columns for end grain in bearing (ldaho
White Pine = 1390 psi and Douglas Fir-Larch = 2020 psi applied to the
lower and higher member strengths, respectively, see Table B2-5 fourth
column) has been checked and all are adequate. Note that the Fgq design
values of Table B2-5 are subject to the same duration of loading
increases (15% and 100% for example), as are the column capacities of
Table B2-2.

(10) Sill or bottom plate ”design’” could be complex, involving a
beam with concentrated loads (the columns, plus foot plates if any) and
supported by an elastic/plastics/fracturing foundation (the usual light,
concrete floor slab). Such design is considered unuwarranted for the
purposes herein. 1t should be accepted that the floor slab will
cracksbreak up and will be pushed doun, under and adjacent to the bottom
plate, should the upgraded floor system over the basement receive an air
blast overpressure loading; such action absorbs energy. Recent tests
show a very high floor slab resistance to column punching from blast
duration loads (see page 18 of main text).

For the added loading of soil placed on the ftirst floor for
fallout shielding upgrading, it is doubted that the concrete basement
floor will experience anything more than localized cracking, if that,
under the following approach:

Use a bottom plate consisting of stress-graded selected dimen-
sion lumber (better than, say, utility grade), used flatuise, "2x” and
at least as wide as the greater dimension of the columns (preferably
wider) for a column spacing of 12 in. to 24 in.

For greater column spacings, use any blocking available under
each column flatuise and perhaps stacked, preferably uith the bottom
block wider than just prescribed for a single member bottom plate.

For column spacings of, say, 4 ft or more, one should leave
off thinking of a continuous bottom plate as the column spacing grous
larger and take recourse in use of a grillage under each column; the
basic premise is o spread the load on the floor slab and underlying
soil.

Design graphs for uood beams and columns are included in Appendix
B1 herein.
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Table B2--5

END GRAIN IN BEARING (psi)

Design values for end grain in bearing parallel to grain on angid surface Fy
1n pounds per square inch

3
Ory service cor\d-uoni‘
l’ Sawn tumber?
Species Wet service Glued
conditions More than Not more an Iaminated tmber
' 4" thick 4" thick
i Agh. Commercial White 1370 1510 2060 2400
Aspen 740 820 1110 1300
Balsam F.c 890 980 1330 1560
Beech 1190 1310 1780 2080
Birch Sweet and Yeliow 1150 1260 1720 2010
Btacx Cortonwooa 620 690 930 1080
Caitarma Redwood (Close grain) 1560 1720 2270 2620
Catifornia Redwood (Open gran! 1150 1270 1670 1940
Coast Sitka Spruce 950 1040 1420 1660
Coast Species 950 1040 1420 1660
Cotronwood. Eastern 765 840 1150 1340 F
Oouglas Fir  Larch (Densel?d 1570 1730 2360 2750 :
Douglas Fir Larch 1340 1480 2020 2350 i
Dougtas Fir South 1220 1340 1820 2130
Eastern Hemiock Tamarockd 1150 1270 1730 2020 .
Easteen Spruce 970 1070 1460 1700 N
Eastern White Pined 900 1000 1360 1580 E
£ astern Woods 820 900 1230 1440
Engetmann Spruce Alpwe Fur 810 890 1220 1420 P
Hem Fu 1110 1220 1670 1940 "
L
Hicxory and Pecan 1370 1510 2050 2400 i
tdaho White Pine 930 1020 1390 1630 ~
Lodgepole P.ne 970 1060 1450 1690 ;
Mapie Black and Sugar 1140 1260 1710 2000 |
Mauntain Hemiock 1070 1170 1600 1870 ;
Northern Aspen 740 810 1110 1290 Ri
Northern Pine 1040 1150 1570 1830 'i
Northeen Spec.es 880 970 1320 1540 £
Northern White Cedar 740 810 1110 1290 li
[ Oak Red and White 1060 1160 1590 1850 A
) Ponderasa Pine  Sugar Pine 910 1000 1370 1600 5
28 Rud Pone 880 970 1320 1540 !
Sitka Spruce 990 1090 1480 1730 !
Southern Cypress 1330 1460 1990 2320
Southern Pine (Densel 1540 1690 2310 2690
¥
Southern Puse 1320 1450 1970 2300 .
Spruce Puwe For 940 1040 1410 1650 <
Sweetgum and Tupelo 1020 1120 1530 1780
Western Cedars? 1040 1140 1520 1750 ,
Western Hemiock 1240 1360 1860 2170 3
Westecn White Pune 930 1030 1400 1630 '
White Woods (Western Woods) 810 890 1220 1420 5
West Coast Woods (Mixed Species) 810 890 1220 1420
Yellow Poplar 890 980 1340 1560
4
1 Wer and dry service conditions are defined 1in 4 1 4 for sawn lumber and 5 1.5 for glued laminated timber i
2 Apphes to sawn lumber members which are at a moisture content of 19 percent or tess when full design load s applied, regardiess of
mossture confent at ime of manutacture
3 When 4 «nch or thinner sawn tumber s surfaced at a moisture content of 15 percent or less and s used under dry service conditions,
the vaiues hsted for glued laminated timber may be apphed
4 Values also appty when species name (ncludes the designation “Nofth

Source: National Design Specification for Wood Construction, 1977 Edition, National
Forest Products Association, 1619 Massachusetts Avenue, N. W., Washington,
D. C. 20036; art. 2.3, Table 2A.

Author Comments: When stress in end-grain bearing exceeds 75% of above values, bearing
shall be on a metal plate or strap, or on other durable, rigid, homogeneous
materfal of adequate strength, per Source. (This criterion should be applied
to both top and bottom ends of each stud or post.)
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Stress-graded (visually only) lumber species-sizes-grades ' com-
monly available in local lumberyards uwere narrowed doun to the follou-
ing, categorized as “higher strength” and “louer strength” for use in an
earlier study [4,p.C-3E5]):

Allowable Design Stresses in _Normal Use (psi)

Size & Grade _Fp 2 Fv 3 Fey*  Fe . _E  EgS

2 in. to 4 in. th., 4 in. wide

]

Construction © 1200 140 385 1150 1500000 2020 .
1050

Standard 7 450 100 190 650 1200000 13S0 K

(400) e

e iOn

2 in. to 4 in. th., 5 in. & wider 8

P

No. 1 6 1750 140 385 1250 1800000 2020
(1500) !
No. 2 7 925 100 190 725 1300000 1390 K
(850) g

' Reference [2] contains & full listing of wood species, sizes, grades,
design values, etc. However, it lacks tuo needed tables from Refer-
ence [3], which are included herein as Tables B2-5 and B2-6.

All of above is Dimension Lumber; surfaced dry or surfaced green; used
at 19 percent maximum moisture content.

2 Repetitive-member use; single-member use values in parentheses
[2,p.20]. Both uses are edgewise; for flatwise-use (increase) fac-
tors, see Reference [2,p.16].

L TR e~

3 values taken from Reference [3,art.3.4.4.2]; see Table B2-6.

P, 1

ﬂ Y For bearing lengths L’ less than 6 in. long and not nearer than
3 in. to end of member, correct Fey by (1 + 0.375 7 L")
[3,art.3.11.2.2].

5 values taken from Reference [3,Table 2A,p.7}; see Table B2-5.
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“Higher strength’”; stresses for Douglas Fir-Larch [2].

"Lower strength’”; stresses for Idaho White Pine, but useful (practi-
cally) for other Western Pines (Ponderosa, Sugar and Lodgepole) [2].

But not more than 12 in. [5,p.16-17].

s e
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Table B2-6

]

ALLOWABLE HOR1ZONTAL SHEAR VALUES F, (psi)

| Maximum Moisture Content
Unseasoned 19 percent 15 percent

Aspen 85 90 95
Balsam Far 85 95 g5
Black Cottonwood 70 75 80
Cahfornia Redwood 115 120 130
Coast Sitka Spruce 30 95 100
Coast Species 90 95 100
Douglas Fir- Larch 130 140 145
Douglas Fir—South 130 140 145
Eastern Hemlock—Tamarack 120 130 135
Eastern Spruce 95 105 110
Eastern White Pine 90 95 100 A
Eastern Woods 85 95 95 .
Engelmann Spruce/Alpine Fir 95 105 110 ]
Hem-Fir 105 110 115 )
Idaho White Pine 95 100 105
Lodgepole Pine 95 105 110
Mountain Hemiock 130 140 150
r Narthern Aspen 30 95 100
1 Northern Pine 100 105 110
Northern Species 90 95 100 4
! Northern White Cedar 85 95 100 '
Ponderosa Pine—Sugar Pine 100 105 110
Red Pine 100 110 115
Sitka Spruce 105 115 120
Southern Pine 125 135 145
Spruce—Pine--Fir 95 105 110
Western Cedar 100 105 110
' Western Hemlock 125 135 145
r Western White Pine 90 100 105
‘ White Woods (Western :
Woods, West Coast }!
" Woods, Mixed Species) 95 100 105
Source: National Design Specification for Wood Construction, 1977 Edition, 1

National Forest Products Association, 1619 Massachusetts Avenue, N.W.,
Washington, D. C. 20036; art. 3.4.4.2

.

Author Comments: Use column of above table that specifies '19 percent"
moisture content. For wood species not shown, consult '"Design Values
for Wood Construction,' 1980 Supplement to above Source.

e
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WOOD BEAM DESIGN FORMULAS - UNIFORMLY DISTRIBUTED LOADS

With simple end supports and with continuous supperts, beam span L
P for horizontal shear design 1s measured center-to-center (c-c.) of sup-
ports. L is the same with continuous supports for flexure and deflec-
tion design; but with simple end supports, beam span L for flexure and
deflection design should be the beam length between support faces plus
half the REQUIRED bearing length L’ at each end {3,art.3.2.1,p.8]. for
: simplification, however, L_uwill be taken_as c-c. of supports for all
{ purposes herein.

Constant C is 360 under tL (live loads) only, and is 240 under LL
plus DL (live plus dead loads). Check both conditions. :

Constant C/ varies uwith support conditions as showun: SS is simple i
supports; PC is propped contilever; and Ff is fixed-fixed. ]

C’ Constants
SS PC FF
FLEXURE : 8 8 12
M=uL2 7 C’ =Fpl s/ ¢ = Fpbd?2 7 6 (1=bd3/12) ()
(c=dr/2) ;
L2 = C’M/ w = C’Fpbd? ~ (6u) (2) g
W =C'M7 L2 = C’Fpbd?2 7 (6L2) (3)
HORIZONTAL SHEAR: 2 1.6 2
V=-uwi(L-2d)/7C” =2hbdfFy 7 3 (4)
i
L =¢C’V 7 uw) + 2d = (2C’bdF, ~ (3u)) + 2d (5
w=20C’V /7 (L - 2d) = 2C’bdFy ~ (3 (L - 2d)) (6)
] DEFLECTION: 5/384 1/185 1/334
y =L/ C=cC’ulY 7 EI = 12C’uL" 7 (Ebd?) 7
L3 = gbd> 7 (12C’cuw} 8)
w=1(d 7 L) Eb 7/ (12C’C) (9) '
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BEAM BEARING LENGTH L’ (at each end):? 2 1oy 2
If L2 < 6 _in. AND bearing area_1s 2 3 in. from end:
R =V =wul 7 C” = bFey (L7 + 0.375) (10}
L7 = (WL 7 (bC’F¢,)) - 0.375 (11
Ww = (bC’Fegy 7 L ) (LY + 0.375) (12)
1f L7 > 6 in. OR bhearing area_is ¢ 3 in. from end: Drop 0.375 2
from Eq. 10-12. (for simplification, consider dropping the 0.375 f
in all cases.) k
4
1
1
4
!
1
:
9 1t 1s recommended that L’ be not less than 2 in. g
0. ¢’/ = 1.6 at fixed end; C’ = 2.67 at simple support or propped” end.
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COLUMN FORMULAS - SIMPLE SOLID COLUMN DESIGN [3]
(Pin-ended conditions assumed)

&] and \2’*
Distances between points of
} tateral support of column in
| Ly planes 1 and 2, inches
: rdf
€
i2 dy and dp
“ Dimensions of column in
planes of lateral support,
{ inches
E a2
N\

For conditions shown in the sketch:
Use larger of Ly / dy and L, 7 d; as the L 7/ d for design
Slenderness ratio L r d must be ¢ 50

For L s d £ 11: F& = F¢

For L~ d > 11, but

1~

K:

K = 0.671 JE 7/ Fe

FZ = Fe (V - 173 (L 7 dKOY)

For I - d > K: F¢& = 0.3E 7 (Lsd)?

P = AFZ = bdFs

(13A)

(138)

(14)

(15)

(16)

(17)

(18)
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NOTATION '!

area of cross-section (in.2)

breadth (edge width) of rectangular member (in.)
width of (floor) area supported (in.)

deflection coefficient ( = L / maximum deflection)
beam formula constant

distance from neutral axis to extreme fiber (in.)
dead load (psf)

depth of rectangular member (in.)

modulus of elasticity (psi)

design value for extremz fiber in bending (flexure) (psi)

Fe = design value for compression parallel to grain (psi)

F& = Fe, adjusted for L 7 d ratio (psi)

Fey, = design value for compression perpendicular to grain (psi)

Fg = design value for end grain in bearing parallel to grain (psi) F
Fy = design value in horizontal shear (psi) i
1 = moment of inertia (in.") :
b] = joist spacing (in.)

K = for columns, largest slenderness ratio, L 7 d, where intermediate 5

column formula applies (see Eq. 15 and 16)

L = span length of horizontal member (usually center-to-center of
supports); or distance (c-c.) betueen column lateral support
points (in.)

1 Generally follous Reference {3].
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LI

LL

pcf
pli
psf

psi

NOTATION (concluded)
:gqu;red bearing length in compression perpendicular to grain
in.
live load (psf)
bending or resisting moment, maximum (in.-1b)
total concentrated load or axial load (1b)
load (live and dead) per joist on top beam, post/stud, etc. (lb)
pounds per cubic foot
pounds per linear inch
pounds per square foot
pounds per square inch
design strength (beam) for static loads (psi)
section modulus ( = 1 7 ¢) (in.3)
total load ¢ = DL + LL) (psf)
thickness (in.)
vertical design shear ( = horizontal) in beams (lb)
total uniformly distributed load (1b)
uniformly distributed load per unit length (pli)

deflection of member, usually at mid-length (in.)
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Appendix D1

BLAST-RESISTANT DESIGN/ANALYSIS OF STEEL MEMBERS!

Introduction

It is expected that the reader/user of this appendix will have
first read Appendix A containing information applicable to blast-resist-
ant designs/anaiysis generally. This appendix provides information spe-
cific to such designsanalysis using steel plates and rolled shapes.

As before (Appendix A), useful material developed by Neumark [1]2
is included in quotes below (parenthetic insertions or connective words
are by this writer).

Desiqn in Steel

”(Blast-resistant) designs in structural steel . . . are based on
plastic design principles. For members responding primarily in flexure,
if the sections are sufficiently ductile to permit redistribution of
moment after the first inelastic action begins, the yield moment is
taken as the fully plastic moment of the cross-section.

#Structural carbon steel, i.e., ASTM A-7, A-36, or A-373, possesses
a high degree of ductility and strain hardens markedly. Theretore, the
2ones of inelastic behavior in structural elements formed of these
alloys will be widespread. A ductility factor (p) in flexure of 10 has
been used for design in these alloys.

”Higher strength steels . . . have less ductility and strain harden
less than the above mild steels. The zones of inelastic behavior will
be more limited in extent with limited plastic hinge rotational capac-
ity. Therefore, a ductility factor of no more than 3 is recommended for
designs of flexural members in these materials.

”Compression members should be designed for a ductility factor of
1.3. Tension members may be designed with the ductility factor appro-
priate for the material in flexure.

' Flat PlatesSheet, Corrugated, and Builtup Sections.

2 prackets are used herein to indicate sources in the References list at
the end of this appendix.
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Stability Limitations

”In order that the yielded cross-section of a member continue to
transmit the fully plastic moment thraugh large rotations of the plastic
hinge, limitations are placed on the cross-sectional dimensions to
insure stability against buckling. Two types of instability are impor-
tant for flexural members: (1) local buckling of elements of the sec-
tion, and (2) lateral buckling of the compression flange. Lateral buck-
ling is not commonly a problem for (floor or) door elements since the
compressive flanges will ordinarily have continuous lateral support.
However, in instances uhere compression flanges are (laterally) sup-
ported, the stability of the member should be evaluated following the
procedures given in Reference [2]. . . . It is noted that tests have
shoun a lessened tendency towards buckling for rapid load application;
therefore, the usual specified minimum values for yield stress may be
used as the required stress level in equations for stability.

] ”The following limitations on the dimensions of ASTM A-7, A-36, or
& A-373 steel sections are taken from Reference [2]. The relations are
based on an axial yield stress level of 33 ksi, but tests have shoun
that sections meeting these requirements perform satisfactorily under
rapid loading in spite of the increased yield point.

”Stabjlity Requirement for A-7, A-36 and A-373 Steel Sections

Compression flange of WF, 1 or H section bstgy £ 17
Web in shear dru € 43
where:

b = flange uidth (in.)

d = depth of section (in.)

ts = flange thickness (in.)

" = web thickness (in.)

”Interaction expression for more complex stress states are given in
Reference {2] uhich also contains more general expressions which must be
& used to set stability limitations on the dimensions of sections fabri-

X cated of higher strength steel.

: ”The structural resistance is defined by the yield level and the

?’ ductility. The product of these quantities is a measure of the energy
absorption capacity of the structure. Continuity of structural elements
provides an increased energy absorption capacity and should be provided
where practicable in metal blast-resistant structures. To attain conti-
nuity, joints should be designed to develop the full flexural or axial
capacity of the member; otheruise, deformations will be concentrated at
i the joints and the overall ductility of the element will be reduced.

01-2




”lWelded construction can readily provide structural continuity.
However, approved welding procedures, good weld and fabrication details,
properly selected welding rods, and weldable base metal are essential if
brittle response is to be avoided. Riveted or bolted joint details
should be free of sheared edges and punched holes, and adequate edge
distances should be provided.

s L

Structural Steel Material Properties

#The (dynamic) design stresses (Table D1-1) are based on the yield
strengths for the loading rate range expected in protective construc-
tion (References [1,3]).

Resistance Expressions

#The equations involved in the evaluation of the resistance ot
structural (steel) elements . . . are presented in . . . Table D1-2.
These expressions define the flexural resistance, shearing resistance,
(effective) natural period (of vibration) in flexure, and (centerline)
yield deflection. The design stresses to be used with these expressions

are in Table D1-1.”
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Table D1-1A

i cam 6 et

DESIGN STRESSES FOR STEEL

Axial Shearing Allowable Bearing Stress

Stress Stress Single Shear Double Shear

Stee!
fdy.ksl v‘y.ksl fby.ksl fby.ksl
Structural Carbon.' ASTH
A=7, A=36, or A=373 42 25
Corrvgated Irt:m2 k7 20
Welds 42 29
; Rivets ASTM A-14) 40 30 60 80
J ASTH A-|95 60 40 80 80
Bolts ASTM A-307 32 19 40 40
ASTHM A=325 50 30 60 60

‘For higher strength structural steels, use an axial design

3tress, fdy.oqual to the smaller of 1.10 times the specified
ainimum yield or 0.90 times the specified minimum ultimate

strength. For design shearing stress, Vdy* 93¢ 0.60 f‘y.
(See facing page.)

& 2Tho value of f4y, has been selected to be used with a plastic
: modulus, Z, of 1.5 times the section modulus, S.

Source: Ref. 1, p. 153

Dl-4




— e E——

Table D1-~1B
Steel Yield Ult. Axial Shearing
Tens.* Tens.* Stress Stress
ksi ksi fdy, ksi  vdy, ksi
Carbon:
AS29 42 60-85 50 25
High-Strength Low-Alloy:
A242 (to 3/4" th. incl.) 50 70 55 33
A“‘.o " " ” " [1)
A441 " " [1} (1} 11}
A572 (to & incl., th.'":)
Grade 42 (4") 42 60 46 28
" 45 (1%") 45 60 50 30
" 50 (1% 50 65 55 33
" 55 (1%") 55 70 61 36
| " 60 (1" 60 75 66 40
| " 65 (3") 65 80 72 43
A588 (to 4" th. incl.) 50 70 55 33

T T,

*Source: Manual of Steel Construction, 7th edition, 1970, American

Institute of Steel Construction, Chicago; p. 5-212 thru -216.
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NOTATION FOR TABLE D1-2

Q
(]

Ls/Ll (design as l-way in short direction for a < 3)

A = total area of element, in2
A/b = A per inch width, in,
b = width of element of section, in,

d = depth of structural element, in.

€ = elastic Youngs modulus, psi

fdy = dynamic tensile yleld stress, psi

I = moment of inertia of element, ln4

1/b = 1 per Inch width, in°
3
k, = (17 +180a°) E&— | psi/in
1 3
12L
]
3, £t
k, = (307 + 500 @) ~—— , psi/in
2 3
2L,

K, =3-2 a?+3+2at

L = l-way plate spen, in.
L, = 2-way long span, in.
L = 2-way short span, In.
S = gsection modulus of element, ln3
S/b = S per Inch width, in’
t = plate thickness, In,
t = total web thickness of element, in,
vdy = dynamic shearing yleld stress, psi
! W = plate weight, psf
Z = plastic modulus of section, in3

Z 1,558 for corrugated plate
1.15 S for I or WF section

Z/b = Z per inch width, Inz

Source: Ref., 1, p. 158
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RESISTANCE EXPRESSIONS FOR STEEL

Table D1-2

STRUCTURAL ELEMENTS

Flexure Shear Period In Flexure VYield Defl.
| i T, sec, at 4,
qyo pPs qyt pPs x in
Y
FLAT PLATE SECTION
4
Lowey ty 2 t -3 2[ W 5 9t
Simple Support zfdy(t) 2"¢y(t) 9,4x10°°L 5(3 33 —X—Eta
q ¢
. t, 2 t =3 2/ W
Fixed Support 4f, (= v, (=) 4,1x10°°L f— R A
dy 't dy't £®  25.6 E¢°
L e s 6f 4, 22 2 8 2(4a) | 2.2x1072L '
Simple Support Nz 'dyL' 3 2% kl kl
q
2 y2 -2/ M X
Fixed Support 12f %L ——) z'ayf;[a(“")] 1,9x10 Ky s
CORRUGATED SECTION s
l-way 8f4y 2 Wy A 32We 5 %t b
Simple Support Ii!! b -—%1 Y 2.7x10 "L 1 383 €1
a
16f 2v ql
z A 32fWe A e
Fixed Support —L—zi'!; —& 3 Lo F Y Ee d
BUILT-UP SECTION
4
1-way 8f z dt -3.2/W o s b
Simple Support :521 0y 2vdy BL 2.7x10 "L 1 383 -%—— I
dt 4
Fixed support 'Sfay 2 ey o Laxio e At b
LZ b 307 E1

Source: Ref. 1, p. 159
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Applications

& This section is limited to use of steel sheets and plates as barri-
ers, especially as closures to prevent exterior air blast from entering
the basement shelter. Houever, data useful for other steel applica-
tions, such as use of corrugated steel sheets, builtup sections, welds,
rivets and bolts, are included elsewhere herein.

1t is assumed that the reader/user has reviewed Appendix A herein.

Local availability of steel sheets, plates, and shapes is discussed
below i1n Appendix E1I.

A. Allouable Stresses

Allowable stresses for blast-resistant design are shoun in Table
DI-1. For design of sheet/plate closures, one needs a value for fg, for
the particular available steel planned for use, based on its specific
ASTM specification number. The fgy, value should be in psi (ksi value
times 1000 equals the psi value), and is used for both the axial and
flexural allowable stresses. (Allowable shear stress vg4y, is not needed
for the applications contemplated herein.)

For an illustrative example: assume A36 steel for use; fqy is 42
ksi (Table D1-1A) or 42,000 psi.

B. One-way Flat Plate Closures, Simple Supports

This design situation applies uhen the closure sheet or plate is
simply supported (i.e., not clamped) on two opposite edges only. The
applicable basic formula is the first one of Table D1-2; qy is found,
using known values of plate thickness t (in.) and the clear span L
(in.) between supports. Also used is the formula relating pdm (peak
value of the blast pressure that can be resisted by the steel plate clo-
sure, psi) to qy and the ductility factor p.3

graphic solutions for these combined (two) formulas, for

] A7/R367/A373 steels in thicknesses of 16 gage (0.06 in.) and 1/8” to
374”, are shoun in Figure 01-1, uhich is accompanied by a table of cor-
rection factors that is discussed further belou.

R 8

Continuing our example: for 3/4” th. plate and clear span L of 50
in.,, read pdm = 18 psi in Figure D1-1. (Curves of Figure D1-1 are ended
arbitrarily at peak pgdm value of 50 psi and peak plate weight of about
500 pounds (for square plate of length L on each side).)

3 See third paragraph of earlier section on "Design in Steel” where
w = 10 is recommended for carbon steels and w = 3 for higher strength
! steels.
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CORRECTION FACTORS FOR FIGURE Dl-1

For Carbon Steels

ASTM-  Factor
A7 1.000
A36 1.000
A373 1.000
AS529 1.190

For High-Strength Steels

ASTM-

A242
A440
A441
A572

Grade 42

45

" 50

” 55

" 60

" 65
A588

For Two-way Plates

Ratio of longer

to shorter clear

spans,

v

L/ Ly
.0
.1
2
3
4
.5
6
7
8
9
0
0

NNP-—‘!—-‘I—‘I-—‘i—l(—-‘l—*r—‘v-AP—‘
e e e e e e P

D1-~10

Factor

.000
.736
.531
.366
.232
121
.028
.948
.879
.820
.768
.000

= NN N NN D W

Factor

1.149
1.149
1.149

0.961
1.044
1.149
1.274
1.378
1.504

1.149
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40

e —

30

Pdm
(psi)

to
i

T T I T T T " ]
FOR A7, Al & A3T73 'J
B STRUCTURAL CARBOXN STELLS
fdv = &2 ksi , —
) qy =2 fd.\,(t/l,) |
B = 10 (with step pulse)
q, (1 - L/7(2p))
-
-
-
-
—
—
—
}'—
-
-
) | I | 1 I ] ] | 1 ] |
8] 10 20 3) . AN Ul H 0
Ioting)

Figure D=1 STEEL PLATE/SHEET DESICGNS (One-wav, Simple Supports)
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C. Correction Factors for Other Steels

{
|

Correction factors for use with Figure D1-1 are shown in a table
accompanying the figure; they allow use of all other steels listed in
Table D1-1, each with the appropriate ductility factor p as discussed
above. The figure is used as described just above, then the pdm value
obtained is multiplied by the correction factor for the steel used.

i

Continuing our example: for the same plate and span, but this time
with A529 steel: pgm of 18 psi is multiplied by the correction factor
of 1.190 for A529 steel, giving a corrected pdm = 18 x 1.190 = 21.4 psi.

D. Correction Factors for Tuo-way Plates

Correction factors for use with Figure D01-1 are shoun in the same
accompanying table, and cover use of a tuwo-way plate simply supported on
all four edges, instead of the one-~way simply supported plate that is

. the basis for the Figure. These correction factors vary with the ratio
] of longer clear span to shorter clear span, or L /Lsg.

Continuing our example: wusing a two-way simply supported plate
instead of one-way, shorter and longer clear spans are 50 and 60 in.,
respectively; use the shorter span with Figure D1-1 and read the same 18
psi for pdm:; AS529 steel dictates using a correction factor of 1.190 (as
above); correcting for two-way versus one-uway plates inserts another
correction factor, that for L, /Lg = 6(/50 = 1.2, or a factor of 2.531
from the table accompanying the Figure. Putting this together:

Pdm = 18 % 1.190 x 2.531 = 54.2 psi.

et
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NOTATION

(Excluding notation defined there and used in Tables D1-1 and D1-2)
b = flange width (in.)
d = depth of section (in.)

ksi = kips (kilo-pounds) per square inch (1 kip = 1,000 psi)

psi = pounds per square inch

Pdm = peak air blast pressure applied to member, psi
ts = flange thickness (in.)

W = web thickness (in.)

m = xm/%e = the ductility factor (see Appendix A)

D1-13
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STRUCTURAL STEEL LOCAL AVAILABILITY AND USE
FOR BLAST SHELTER UPGRADING

By: Ellis E. Pickering, P.E.
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Appendix E1

STRUCTURAL STEEL LOCAL AVAILABILITY AND USE
FOR BLAST SHELTER UPGRADING

Jntroduction and Purpose

Among the various materials useful for construction of closure
systems for blast shelters and for strengthening the floor over such
shelters, are the standard structural steel products including plates,
structural shapes including ”1” beams and channels, structural tubing,
and pipe.

These materials are those normally used in the structural framing
for buildings, bridges, industrial plants, and for other heavy construc-
tion purposes. Structural steel materials are stocked rather widely on
a regional and local basis.

Structural steel materials may be used for “expedient” or engi-
neered” upgrading of potential blast shelters. Usually such uses will
involve provision of closure or strengthening of floor systems, or most
likely both. Structural steel materials will be particularly useful,
and in many cases required, for provision of the higher levels of blast
protection, or uwhere closure or floor spans are long.

Design guidance for the use of structural steel products in both
expedient and engineered blast shelter upgrading is given elseuwhere in
this report (main text and Appendix D1). The purpose of this appendix
] is to describe the general characteristics and uses of these materials

and to identify sources of supply, together uith typical regional and
local availabiity.

The reader desiring more detailed information on structural steel
should refer to standard references le.g.,1],' or consult with a Profes-
sional Civil or Structural Engineer. Actual designs should be prepared
by professional engineers if time is available.

N Shapes, Sizes, and Desiqnations

A. Introduction

Structural steel materials considered include plate, rolled shapes,
pipe and structural tubing, sheet piling, and railroad rail. Standard
! shapes, sizes, and designations are discussed for each in the following
paragraphs.

! Brackets are used herein to indicate sources in the References list at
the end of this appendix.
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B. Structural Steel Plate

Structural steel plate is manufactured in a variety of thicknesses,
widths, and lengths. Materials are designated as strip, bar, or plate
depending on the relationship of thickness to width. For the purposes
of the present applications, the useful materials are limited to the bar
and plate designations of 1/4” thickness or more, which are grouped in
thickness and width classifications as follows: Nominal thicknesses
(in.) are 174, 5/16, 3/8, 7716, 1s2, 5/8, 374, and 1, within which
widths of 3-1/2” to 8” are bars and over 8” are plates.

c. Rolled Structural Shapes

Hot rolled structural steel shapes include products formerly refer-
red to as 1" Beams, ”Wide Flange’” or ”WF” Beams, "H” Beams, Channels,
and Tees. The present standard designation system (together with the
former system) and size ranges are given in Table El1-1.

The designation system shouwn in Table E1-1 is a method of identifi-
cation for shapes and sizes of rolled structural steel shapes, employing
a standard nomenclature. Its primary use is as a form of abbreviation
for identification on drawings, but it is also recognized throughout the
trade including sources of supply. The present designation includes
three items: (1) type, shape, or group symbol; (2) nominal shape,
depth

and (3) the weight in pounds per linear foot (except for angles, uhere
the thickness of the metal is given instead).

The designation system was changed in 1970 [1]. Both the current
and former designation systems are given in Tahle E1-1 since older
tables and drawings are still in use.

2 Actual dimensions differ significantly from nominal dimensions for
some shapes. See the last section of this appendix for further expla-
nation.
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Table El-1

ROLLED STEEL SHAPES - DESIGNATIONS AND SIZES

Generic Type
_.or Group

Beams and Columns

Wide Flange Beams
and Columns

Standard "I" Beams

Light Wide Flange
Columns

Light Beams

Miscellaneous
Columns

Junior Beams
Miscellaneous Shapes

"H" Shaped Bearing
Piles

Structural Channels

Standard Channels

Miscellaneous
Channels

Junior Channels

Structural Angles

Equal Leg Angles
Unequal Leg Angles

Structural Tees

Cut from Wide Flange
Shapes

Cut from Standard
"1" Beams

Cut from Miscellaneous

Shapes
Cut from Light Beams

Cut from Junior Beams

Example Designation

Present Former
w8x40 8WF40
S8x23 8123
W6x20 6W20
W1l0x15 10B1S
M6x25 6M25
M10x9 10Jr9
M8x20 8M20
HP12x74 12BP74
Cl10x30 10€30
MC12x45 12x4€45
MC10x8.4 10Jr€8.4
L5x5x3/4  £5x5x3/4
L6x4x3/4  L6x4x3/4
WT8x25 ST8W25
ST6x25 ST6125
MT5x10.5 STS5M10.5
WT7x13 ST7B13
MT6x5.9 ST6Jr5.9
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Size Ranges

From To
w8x20 W36x300
S3x7.5 S24x120
Wa4x13 Wé6x25
W6x16 W16x31
M4x13 M8x34.3
Mé6x4.4 M12x11.8
M8x22.5 M10x29.1
HP12x63 HP14x117
C3x6 C15x50
MC8x18.7 MC18x58
MC10x6.5 MC12x10.6
L3x3x3/16 L8x8x}k1/8
L3x2x3/16 L9x4x1
WT4x8.5 WT18x150
ST3x6.3 ST12x60
MT4x8.5 MT5x14.6
WI3x4.3  WT8x15.5
MT3x2.2 MT6x5.9




TLUFELY,

Examples of the full description of products under the present and
former systems followu:

W8x40 - A Wide Flange Beam or column (W) of 8 depth and weighing
40 pounds per foot.

S8x23 - A standard *1” Beam (S) of 8" depth and weighing 23 pounds
per foot.

C10x30 - A standard Channel (C) of 10” depth and uweighing 30 pounds
per foot.

L5x5x374 - An equal leg Angle (L) of 5”x5” dimensions (outer faces)
and 374” thickness.

ST6x25 - A structural Tee cut from a standard ””I” Beam (S) of 6"
depth and weighing 25 pounds per foot.

Certain special structural shapes have not been included in Table
E1-1 because of their limited availability. These include special car
building and ship building Channels, bulb Angles, Zees, and small rolled
Tee Beams. Sizes and shapes of the car building and ship building Chan-
nels are given in Reference [1]. Details on other special shapes can be
found in manufacturers’ catalogs.

D. Pipe and Structural Tubing

Steel pipe (circular section) is manufactured in standard sizes
ranging from 1/8” to 12” nominal diameter in standard, extra stong, and
double extra strong weights. The nominal diameter is an approximation
of the inside diameter of the pipe in the larger sizes of standard
weight. The extra strong and double extra strong weights have reduced
inside diameters corresponding to the increased wall thicknesses.

Dimensions of selected sizes and Wweights of steel pipes are given
in Table E1-2.

Structural tubing (square or rectangular section) is manufactured
in sizes up to 12” in major dimension. Selected sizes and weights are
given in Table E1-3.
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E. Other Structural Steel Materials

The materials listed in the previous paragraphs are those generally
used in steel building framing, bridges, and industrial applications.
In addition to these materials, other structural steel materials may be
found to be useful. These include railroad rails and sheet steel pil-
ing.

Railroad rails in either a new or used condition offer considerable
strength. Most rail is rolled to an American Society of Civil Engineers
(ASCE) or an American Railway Engineering Association (AREA) pattern and
is classified on both a pattern and weight per yard basis. Table E1-4
lists the properties of selected rail sections.

Sheet steel piling may be available near the coasts and in inland
areas near lakes and rivers. It is rolled in several patterns uwith
interlocking edges. Patterns include siraight uweb, arch web, and Zee.
Properties of typical sections are given in Table E1-5.




Table El-4

TYPICAL RR RAIL SECTIONS - DIMENSIONS AND | IGHTS*

Weight Per Yard Height Base Width Head Width
(1b) (in.) (in.) (n )t
Q 155 8 6-3/4 3
| 140 7-5/16 6 3
i 132 7~1/8 6 3
115 6-5/8 5-1/2 2-23/32
100 6 5-3/8 2-11/16
75 4~13/16 4-13/64 2-15/32

* New Condition

# Maximum at bottom of head

Table EI1-5
TYPICAL SHEET PILE SECTIONS - DIMENSIONS AND WEIGHTS ¥
Nominal Thickness Weight
Width Depth Web Flange  Per Ft 4
Section (in.) (in.) (in.) (in.) (1b) ?
Straight Web 15 ~ 1/2 - 40 f
15 ~ 3/8 - 35 ;
Arch Web 19-5/8 3-1/4 3/8 3/8 36
16 1-11/32  1/2 1/2 37.3 |
16 1-11/32 3/8 3/8 30.7
Deep Arch Web 16 6 31/64 3/8 42,7
16 5 3/8 3/8 36
Zee 21 1i~1/2 3/8 1/2 56
18 12 3/8 1/2 57
18 12 3/8 3/8 40.5
E1-8
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Material Strenqth Grades

Structural steel is produced in various grades related to strength
and weldability as prescribed in American Society for Testing and Mate-
rials (ASTM) specifications. Applicable specifications include:

ASTM A? Steel for Bridges and Building

ASTM 36 Structural Steel

ASTM A242 High Strength Louw Alloy Structural Steel

ASTM A373 Structural Steel for Welding

ASTM A440 High Strength Structural Steel

ASTM A441 High Strength, Low Alloy Structural Manganese Vanadium
Steel

The principal variation among the types relates to strength as
indicated by yield point. All are weldable except A440, which is not
recommended for uwelded use. The yield point specification values (psi)
are:

A7 33,000 H
A36 36,000
A242 42,000
A373 33,000
A440 42,000
A441 42,000

Rail Steel 39,000

The various standard products are generally produced in grades as
follous:

Bar and Plate: A7, A36, A242, A373, A440, A441

Pipe: A7, A36

Railroad Rail: AREA Specification

Rolled Structural Shapes: A7, A36, A242, A373, A440, Ad441
Sheet Pile: A7, A36

Structural Tubing: A7, A36
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Principles of Use and Application

A. General Principles

Structural steel materials are capable of providing relatively high
degrees of blast-resistant upgrading as compared to wood; houwever, they
present more difficult problems in fabrication and installation. The
principle problems are cutting to size, plus fastening of individual
members to each other and to the the basic shelter space structure. The
methods of fabrication and installation will vary somewhat betueen expe-
dient and engineered upgrading applications because of available time
and skills.

a. Expedient Applications

The expedient upgrading process will be limited by available time
and the skills of the work force. 1In this process the following general
principles should be applied:

(1)  The structure (closure, beam support, etc.) should be designed
around the material readily available locally.

(23 All cutting to size should be accomplished at the point of
supply, where flame cutting, sawing, or shearing may be readily accom-
plished. On the job cutting uwould present extreme difficulty, although
rough oxyacetylene cutting may be possible if tocls and skills are
available.

(3) Fastenings should be restricted to simple bolting wherever
possible. Bolt holes may be drilled locally although it also would be
more efficient to have this done at the point of supply. Fastenings
should be designed so as not to be stressed by the blast wave, i.e.
blast wave should add no tension or shear load to the fastenings.

the

r

(4) The size and ueight of individual structural members should be
limited to that which can be handled and erected by a few men without
the use of heavy materials-handling equipment.

(5) Advantage should be taken of crisis build-up time to procure
pre-cut and pre-drilled material, and to store it for immediate use in
the proposed shelter space.

(6) Material strength grades should be limited to A7 or A36 grades

wherever possible because of the greater ease in cutting, drilling, or
welding.

£1-10




b. Engineered Applications

The engineered application process permits the utilization of a
normal time-frame for design, fabrication, and installation (where
desired). The design should be accomplished by a Professional Civil or
Structural Engineer and the conventional procurement, fabrication, and
installation process should be folloued. In this case:

(1) Advantage may be taken of higher strength materials.

(2) More sophisticated fastening systems may be employed to obtain
material economy through the use of moment-r2sisting joints and other
economic design features.

(3) Structural welding of subassemblies may be employed, and final
erection may also utilize uwelding, if the structure is to be installed
immediately. [If the parts of subassemblies are to be stockpiled, hou-
ever, certain principles listed above for expedient applications -
i.e., those related to size, weight, and bolting - should be folloued.
Such stockpiling is applicable where immediate installation might inter-
fere with the normal use of the proposed shelter space.

8. Potential Applications
Potential applications of structural steel materials in blast shel-

ter upgrading are listed in Table E1-6. For specific design data, mem-
ber sizing, and blast resistance, see Appendix DI.

Local Availability

A. Manufacturing and Distribution System

Structural steel products are manufactured on a regional basis with
major production centers (mills) located in the Ohio Valley, Great Lakes
region, Eastern Seaboard (Baltimore), Southeast (Alabama), Rocky Moun-
tain region (Utah and Colorado), and California. In addition, imports
are available generally at seaboard locations. The distribution system
is from mill to regional warehouses, or to combination warehouse-fabri-
cation yards, with either type ouned by the major structural steel prod-
ucers or large independents. The mill inventory also serves as a
regional stock.

The regional netuwork is supplemented by a system of local ware-
houses and small fabricators, usually of an independent nature. The
local facilities obtain their supplies from regional warehouses or
direct from mills for large o -s.

E1-11 i
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Imported materials go to the independent regional establishments or
to large volume local dealers.

Except in the least populated areas of the country, a regional or
_ local warehouse may be expected to be found within one-day truck dis-
i tance (say 100 miles) of any population center.

All establishments have capability of some fabrication, the minimum
being drilling and cutting to size (flame cutting, shearing or sawing).
Most also have welding and grinding facilities for prefabrication to
some degree. These capabilities should be used to the maximum to reduce
on-site problems.

Many salvage yards also maintain sone sizes of both new and used
structural shapes in limited quantities.

Railroad rails are usually procured by the railroads in large quan-
tity direct from mills and are stockpiled at division points and other
central locations. Both new and re-rail (used) materials may be pro-
cured from these sources under emergency conditions. Re-rail from main
lines is used by the railroads for the construction of sidings, yards,
etc. In some cases re-rail materials are handled by specialty salvage
firms to be resold or converted to scrap.

Limited amounts of sheet pile will be found in regional warehouses;
however, specialty firms deal in both new and used materials. Sheet
pile will be generally found to be more available near the seaboard than
elseuhere.

Local sources of structural steel products are easily identified
from the yellow pages of telephone directories under the headings of
”Steel Distributors and Warehouses,” Steel Fabricators,” ”Steel Mills,”
”Steel, Used,” etc.

B. Jypical Availability

Because of relatively high costs, neither regional nor local

sources maintain inventories of all potential sizes and shapes of struc-

: tural steel products. Large and specialty orders must usually be pro-

N cured directly on mill order. The stockage wWwill consist of those prod-
ucts and shapes used in relatively large quantities in the area served.
These products will generally be limited to those used in the general
building work of the area served, usually on medium-sized and smaller
buildings, or the equivalent. In a large urban area, houever, a fairly
wide range of products and sizes would be found among ail of the availa-
ble suppliers. Typical availabilities are indicated in Table E1-7 for
“regional warehouses” and for ”local suppliers”. 1In all cases, however,
availability should be determined before proceeding with design.
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Dimensioning Practice For Rolled Structyra] Shapes

Dimensions of rolled structural shapes are generally given in nomi-
nal form for depth and width. As a result of a variety of factors
including economy in the use of rolls, roll wear, roll re-dressing,
etc., a substantial variation of actual dimension from the nominal is
produced. The greatest variations result from the process ot obtaining
heavier uweights per foot by “spreading the rolls,” thus obtaining
greater flange and web thicknesses. This practice permits the rolling
of a variety of shapes with the same nominal dimensions on the same set
of rolls. Any design or use of structural steel shapes for blast shel-
ter upgrading purposes requires attention to the actual dimensions of
the section as opposed to the nominal dimensions. Both nominal and
actual (within rolling tolerances) dimencions of the available rolled
shapes in the various weights are given in Reference (1], as uell as in
American Society of Civil Engineers and mill Iiterature. ©Dimensioning
practice varies with the type of shape and is summarized in the follou-
ing paragraphs.

A. Mide-Flange Beams and Columns_ (W and_ HP Shapes)

For a given nominal depth (outide-to-outside of flanges dimension),
there is a constant (inside-to-inside) dimension between flanges. The
latter remains constant while the former varies with the weight of the
section. For example, a W12 section has a constant actual inside flange
dimension of about 10-7/8” (actual 10.908”) for weights of 40 lb/ft and
heavier, while the actual outside depth ranges from 11-7/8"” to 14-3/8"
with increasing weights per foot. The flange width also varies with the
weight, being 8” for a 40 lb/ft section (W12x45) and 12-5/8" for a 190
lbsft section (W12x190) [1(p.1-17 and 1-38)].

B. Standard 1’ Beams (S Shapes)

Differing from wide-flange beam practice, standard 1" Beams are
rolled with the actual depth (outside-to-outside of flanges dimension)
being equal (Wwithin mill tolerances) to the nominal depth. Thus the
nominal outside-to-outside depth is the constant, rather than the
inside-to-inside depth as in the case of the wide-flange sections.
Weight per foot variations result in changes in web thickness and flange
width. Thus an 8x4 ”I” Beam of 18.4 lb/ft (S8x18.4) has a web thickness
of 1747, a flange (maximum) thickness of 7/16” and a flange width of 4.
Increasing the weight to 23 lb/ft (S8x23) results in a web thickness of
7716” and a flange width of 4-1/8" uhile the flange thickness remains at
7716” and the actual depth at 8.
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C. Channels (¢_and MC _Sha

Standard Channels are rolled and dimensioned in a similar manner to
standard ”1” Beams with the actual depth (outside-to-outside of flanges
dimension) being constant and equal to the nominal depth. For each
depth, increased uweights result in increased web thickness and flange
width while the flange thickness remains constant.

D. Anqles (I Shapes)

Variation in weight per foot for Angles is obtained by uniform
increase of thickness of legs.

E. Tees (MT, ST, and MWT Shapes)

Since Tees are cut from the various beam shapes indicated, dimen-
sioning practice follows that of the basic shape.

E1-19




REFERENCES
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edition is now available.
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